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10 Field Of The Invention 

The present invention relates to separable compositions, methods, and kits for use m 
multiplexed assay detection of the interaction between ligands and target antiligands. 

Background Of The Invention 

1 5 The need to determine many analytes or nucleic acid sequences (for example multiple 

pathogens or multiple genes or multiple genetic variants) in blood or other biological fluids has 
become increasingly apparent in many branches of medicine. ThttSrffiMost multi-analyte 
assays, such as assays that detect multiple nucleic acid sequences, involve multiple steps, have 
poor sensitivity, aad-peef a limited dynamic range ( t y picall y on the order of 2 to 100-fold 

20 differences i n concentration of the analyto o i s d e t efmined), and some require sophisticated 
instrumentation. Some of the known classical methods for multianalyte assays include the 
following: 

a. The use of two different radioisotope labels to distinguish two different analytes. 

b. The use of two or more different fluorescent labels to distinguish two or more 

25 analytes. 

c. The use of lanthanide chelates where both lifetime and wavelength are used to 

distinguish two or more analytes. 

d. The use of fluorescent and chemiluminescent labels to distinguish two or more 

analytes. 

30 e . The use of two different enzymes to distinguish two or more analytes. 

f. The use of enzyme and acridinium esters to distinguish two or more analytes. 
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, Spatial resolution of different analytes, for example on anays, to identify and 

to quantify two different viral targets. 
As the human genome is elucidated, there will be numerous opportunities for 
HWmme assavs to determine the presence of specific sequences, distinguishing between 

cellular expression patterns, etc. In many of these cases one wi 1 wish to determine n a singte 
reason a number of different characteristics of the same sample. In many assays, there w^ 1 
bet interest in determining the presence of specific sequences, whether genomic, svnAetu, or 
cDNA S e sequences mav be associated particularly with genes, regulatory sequences, 
Z*s S^n^;*^!^^*^ mrewillalsobeanintere^in 
presence of one or more pathogens, their antibiotic resistance genes, genetic 

tZeZ the L The need to identify and quantify a large number of bases or sequences, 
Sl^bu^ver centimorgans of DNA, offers a major challenge. Any method 
!ho"d be — , reasonably economical in limiting the amount of reagents requ^ 

rnv de for a shh^ highjyjnult^^ which allows for differentiation ef^fS*** 

It is beli^rthaUhere will be about one polymorphism per 1,000 bases so that one may 

^^distribution in L chromosomes make SNPs an attractive target. Also by 
^Lining a plurality of SNPs associated with a specific phenotype, one may the SNP 

i" and mutations, involving one or more bases in gene^ther , an .so* mg and 
, sequencing the target gene, i. will be sufficient to identify the SNPs involved. In addition, the 
SNPs mav also be used in forensic medicine to identify individuals 
SNPs may alsoj, ^ ^ mi ouanUrilinn of multi pl. ,enes and/pr . np 

large dvnamic range < ,0> to lO'-fold differences in target levels), agreater degree of 
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and fewer and more tfable agents wou,d mcrease the simplicity and reliabrlity 
of multianalyte assays.and reduce their costs. 

activi * ^r-KeSe^nl^ cujuaticus DNA poiymerase * PCR 

♦ „^;r,r detectable signal concomitantly with amplification. 
'° » >- inNu.^AcJdM (.993) 21:16 

3761> ' whi.e(TrendsBiotectaology(1996) 14(12): 478-483) discusses the problem, of 

individual and of possible value for identity testing^ ^ 
Single strand conformational polymorphism (SSCP) yields simiia 

r^^nrrpti^ 

fluorescent products .hat £P«*»* * ™^ ^SNP si* is defined by the 
25:3749 excep, that the sizing is carried out by mass *» £ . „ umber of 

m t: 8 s"be directly identified, but the cos. of the arrays ,s high and non-specfic 
hybridization along with mass spectrometry. 
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- p*ja<! n 90/21 89 5381, suggested that compounds prepared by 
compound proves of interest, the corresponding DNA label is ampnrie y 

nucleic acid targets. 

tag(e-tag) probes under conditions that allow contact between one or more target antihgands 
andane-tagprobewithinthesetofe-tagprobes. 

The e-tag probe sets compnse j members, and have the form. (DM,) L T whe 

ral D is adltecSn group comprising a detectable label; (b) M, is a mobthty motor havmg a 
(a) D ,s a detectton g p P fe tQ ^ interactmg wth a ^ 

narticular charge/mass ratio, W ij is a nscuiuwa, F , c^wted 

aligand and (d) L i S a hnk,ng group connected to Tj by a bond that ts cleavable by a selected 
agent when ,he probe ,s bound ,o, o, ***** w,th, *e target 
,Xe, cording the target aMiltgands with a set of e-tag probes, ore contacted 
antlHgan* re treaKd J£h a se,ected cleaving agent, ami«ure of e^g * ^ 
L>0> Mj> - L ! , and uncleaved and/or partially cleaved probes is produced. L tsthe residue 

of electrophoretic mobilities or (ii) immobilizes the probes on a sohd support. 

rl mobihty modifier .mparts a unique and known electrophone mob^ty to «* 
5 released e-tag reporter wh.ch ,s within a selected range of electrophone mob^es w*h 
respect to other e-tag reporters of the same form in the probe set 

The sets include e-tag probes havmg the form, M r D - L- T and D M, „ 
corresoonding e-tag reporters havmg the form Mj- D - L' and D - Mj - L , respect^ 

40 resulting in one or more electrophone bands. The electrophoretic motnhties 

I5L bands are Mentified and each band umquely corresponds to an e-tag reporter 
that is uniquely assigned to a known target sequence. 
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The methods may employ e-tag probes where the target binding moiety is: (i) 
biotinlytated where the capture agent is avidin or streptavidin; (ii) contains an antigen where 
the capture agent is an antibody or antibody fragment that binds specifically to the antigen; or 
(iii) contains a particle or mass group that effectively prevents its migration under 
5 ^ophoretic conditions within the range of electrophone mobilities of the e-tag reporters. 

Pn^f n^rri ntion Of T he Drawings 

^^guTes 1A,B and C depict the specific sequences of the SNP detection sequences for 
fee two snrallelesIA), the optical characteristics of the fluorescent dyesiB), and the cleaved 
10 fragments from the SNP detection sequencesiQ. (fjomOOaEE) 

Figure! shows the structure of several benzoic acid derivatives that can serve as 

mobility modifiers, (from table 3 of 01 app) m ^u n A K nf the 

F ; r „-~ ?A-n provide a schr rmtir ilhrt-^™ penerahzed methodsofjhe 

15 gS^ef Jget for maximum mulr^n^abilities (A ^se of a capture hgan ^ 

^^^^^^^^^^^^^^^^^ 
^ Wkhone of the target binding region (D). 

f,Wrmtion is ne w figu res are from 01 app) nvtection 4 7 

20 Ejni ^i^^ the. Hesmn andlynthesi s of e-ta P s using a I^b CardlPetextioj^l 

g^^^T^nl nhosnhor^dke ^ n p chemistry, (d ^scriptimisnew^g 

( DeteCtl0n: 4 ?Cm: 

200 V/cm ) (from 01 app) „ ^ 

25 Fjg^I^SLl^^^ 

^^^^ 

^ki^reT^ me structure of several mobility-modified nucleic acid phosphoramidites 
that can^ioyed at the penultimate coupling during e-tag probe synthes.s on a standard 

DNA synthesizer, (found in table 2 of 01 app) 

Figure 8 shows multiple electropherograms showing separation of mdividual e-tag 
35 reporters. The figure illustrates obtainable resolution of the reporters, which are identified by 

their ACLA numbers, (from 03 app) rvanoethvl) (fr om 01 

Fi piire 9 show? <-W pe modifie r ph^ phoramidrtes. (FC or C.F, is c vanoetnyn urom_ 

^ Figure l» q^.c polvWHroxvlated dmre m odifier phosphoramidites. (fromOLapE) 
40 fSll S^es one exemplarT ^nfetic approach starting v^ommercially 

^^^^^^^^ 

45 alcohol SStt^SS^to^pled with a multitude of carboxyhc acid denvatives 
(from 01 app) 
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Figure 13 illustrates the use of an alternative strategy that uses 5-aminofhiorescein as 
..ring SSSSSSe same series of steps to convert it to its protected phosphoramidite 

m0n ° m F^^rates several mobility modifiers that can be used for conversion of 
> amino dvefinloVtag phosphoramidite monomers, (found in table jLofOljffiB) 

nrecursors (found in table 7 of 02 app) 

E ™li«l^ea Jt ee« diagram of a system for patenting multiplexed determinations 

using e-tags.(found in Fig. 10 of 02 app) 
0 " Urmr^l^ structures of numerousexem p lar y e-tag rep orters, 

and 40 cycles. CE instrument: Beckman P/ACE/ 5000 with LIF detection. BGE ^.SA^J} 
To ZZe* ix TBE. Capillary: 100 urn i.d., 375 urn o.d., Lc=27 cm, Ld=6.9 cm. Detection, 
f^sTm A.- 520 am. Injection: 5s at 2.0kV. Field strength: lOOV/cm at rt. Peaks: P= 
5 tJlZ diction sequence o^pr^, P- snp detection sequence px^X^TM 
nrndiit TFT = tetrachlor ofluorescein . (from 00 app) 

^es^AandBdepict^meCE separation of the reaction products {ore4ag 
reporterslof Allele 2 after 0 and 40 cycles. Experimental conditions are *e same as Figure 18, 
ipTte BGE composition; 2 % LDD30, IxTBE^MM^iluore^ein. 
20 Figure 20 is a graph of the CE separation of a 1:1 mixture of the 40 cycles products of 

Alleles land2^vith experimental conditions as described for Figure 18. (fromOO^ 

F^re 21 is a gnmh of the CE separation of a 1.10 mixture of the 40 cycles products of 
Alleles 1 and 2 with experimental conditions as described for Figure 18. (fromOO^} 

F^re 22_is an electrogram of electrophoretic tags f^Omh^s differing 
25 by a 1000-fold concentration, (from 01 ap p} 

> Figures 2JA^ndG a^b are the electropherograms ef to the ^<*?^£ 
the cystic fibrosis genes, using multiplexed PCR and the subject e-tag jmtoEs ffigw? 
fhow ielectropherogram, efthefrom analysis of ^^^^ snp hp for 
SlTc fibroL geL^areeJr^Yid^ l^dandaMplexj^^^ using 

30 mult*^ 

eel separation of the triplex ^^ctimJZmMsmOl^Ei 

Figure 24 is an electropherogram of a separation of nine negatively charged e-tag 

pmbeftre porters . 

(fromOLapp) electropherograms of probes employing a penultimate 

35 thiophos^^ 

.^L. Fire 25A and B reflect the remits of expe rim e nt s showm p the formation ofl 

SS^Sh^,^^ 

40 showmgjheito^ " ^ PCR 

with rn and without (P) the , thiophosphate lin kape (from 01 app) 

P igure 26 shows multiple electrc^rograms from a separation on a 3 10 analyzer after 

an amplification _ reaction in the presence of probe and primer, and wrthout the addition of 
avidin. (from 03app) 
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Figure 27 shows multiple electropherograms from a separation on a 3 10 analyzer, after 
an amplification reaction in the presence of probe and primer, and with the addition of avidin. 

(from 03 app) tm , • ^ n A x , 

Figures 28A-C is area schematic illustrations of a CE 2 LabCard device (28A) and 
5 exemplary high voltage configurations utilized in this device for the injection (28 B) and 
^p.r.tinn of products of ft€E > -fa&€arf m &me«Mtemg-an enzyme assay, (from 03 

Figure 29 shows two electropherograms demonstrating e-tag reporter analysis using a 
CE 2 LabCard The figure shows the separation of purified labeled aminodextran with and 
1 0 without sensitizer beads. The addition of the sensitizer beads lead to the release of the e-tag 
reporter from the aminodextran using singlet oxygen produced by sensitizer upon the 
irradiation at 680 nm. Experimental conditions: separation buffer 20 mM HEPES pH=7.4, and 
0 5% PEO voltage configurations as described for Figure 28; assay mixture had 29 ug/ml 
streptavidin coated sensitizer beads and irradiated for 1 min at 680 nm using 680 ±10 nm filter 
15 and a 150 W lamp. (froniOiapp) 

Figure 30 shows multiple electropherograms demonstrating e-tag reporter analysis 
using a CE 2 LabCard. The figure shows the separation of purified labeled aminodextran using 
different concentrations of sensitizer beads. The higher concentration of sensitizer beads leads 
to the higher release of e-tag reporters from the labeled aminodextran. Experimental 
20 conditions, separation buffer 20.0 mM HEPES pH=7.4, and 0.5% PEO; voltage configurations 
as described for Figure 28; assay mixture was irradiated for 1 min at 680 nm using 680 ±10 nm 
filter and a 150 W lamp, (from 03 app) 

Figure 31 depicts the linear calibration curve for the release of e-tag reporters as a 
function of the sensitizer bead concentration. Results were obtained using a CE 2 LabCard. 
25 Experimental conditions: separation buffer 20.0 mM HEPES P H=7.4, and 0.5% PEO; voltage 
configurations as described for Figure 28; assay mixture was irradiated for 1 mm at 680 nm 
using 680 ±10 nm filter and a 150 W lamp, (from 03 apj) 

Figure 32 shows a data curve of the effect of the concentration of labeled aminodextran 
on the e-tag reporter release. .^demonstrated in this figure, the lower concentration of labeled 
30 aminodextran for a given concentration of sensitizer beads leads to more efficient e-tag reporter 
release ( o r higher ratio of reporter roll e d to the amount of l ab e l e d am inodmrtrnn ) Results 
were obtained using a CE 2 LabCard. Experimental conditions: separation buffer 20.0 mM 
HEPES pH=7 4 and 0.5% PEO; voltage configurations as described for Figure 28; assay 
mixture had 29 ug/ml of sensitizer beads and was irradiated for 1 min at 680 nm using 680 ±10 
35 nm filter and a 150 W lamp, (from 03 app) 

Fi gure 33 is a thematic diag r am nf the steps involved in the synthesis of the 
phos phoroamidite of biotin-deoxvevtos in e ( dC ) (R eagent C). 

Figure 34 is * thematic di gram of the steps involved in the synthesis of the 
phns phoroamidte of hiotin-de nxvadenosine (dA) (Reagent D). 
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DESCRIPTION OF THE SPECIFIC EMB ODIMENTS 



I. Definitions u 

In defining the terms below, it is useful to consider the makeup of the electrophoretic 
probes" that form part of the invention and/or are used in practicing the method of the 
45 invention. An electrophoretic probe has four basic components or moieties: (i) a detection 
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group or moiety, (ii) a mobility modifier, (iii) a target-bindmg moiety and (iv) a hnkmg g^oup 
L finks the mobility modifier and detection group to the target-bonding 
will first be examined in the context of the functioning of the electrophoretic probes m the 
invention, then more fully defined by their structural features 
5 The function of an electrophoretic probe in the invents ,s first to interact with a 

target such as a single-stranded nucleic acid, a ligand-binding agent, such as an ant ibody or 
TJX or an enzyme, e.g., as an enzyme substrate. The "portion", "region" or "moiety" of the 
probe which binds to the target is the "target-binding moiety" or "target-bmding region or 
"target-binding portion" ("T"). After the target-binding moiety of an electrophoretic probe 
10 binds to a target, and typically as a result of such binding, the linking ^ 

electrophoretic probe may be cleaved to release an "electrophoretic tag or e-tag or e-tog 
reporter" which has a unique charge-to-mass ratio and thus a unique elec^ophoretic mobility in 
a defined electrophoretic system. The e-tag reporter is composed of the detection group 
mobility modifier, and any residue of the linking group that remains associated with released 
15 r^orteTe-tagaftercleavage. Therefore, the second function of the electrophoretic probeisto 
release an e-tag reporter which can be identified according to its unique and known 
electrophoretic mobility. 

According to an important feature of the invention, there is provided a set °f 
electrophoretic probes, each of which has a unique target-binding moiety and an associated e- 
20 tag moLy" that imparts to the associated e-tag reporter, a unique electrophoretic mobility by 
v^eoflniquechargetomassratio. In general, the unique charge to mass ratio of an e-^g 
moiety is due to the chemical structure of the mobility modifier, since the detection group and 
S-group residue (if any) will be common to any set of electrophoretic probes. Howeve , ,t 
is recognized that unique charge and/or mass contributions to the e-tag reporters can be made 
25 "etection group as well. For example, a set of electrophoretic probes may be made up of 
a first subset having a group of mobility modifiers which impart unique electrophorefc 
modifies te the subset combination with a detection group having one defined charge and/or 
mass and a second subset having the same group of mobility modifiers in combination with a 
second detection group with a different charge and/or mass, thus to impart electrophoretic 
30 mobilities which are unique among both subsets. _ ; „ a ik, 
The different target-binding moieties in a set of electrophoretic probes are typically 
designated "TV', where the set of probes contains n members, and each T j5 j-1 to j~n is 
dSenT i e., will bind specifically and/or with unique affinities to different targets. A set of 
electrophoretic probes of the invention typically includes at least about 5 members, i.e., n ,s 
35 preferably 5 or more, typically 10-100 or more. 

A "reporter moiety" "R" or a "detection group" "D" are equivalent terms referring to a 
chemical group or moiety that is capable of being detected by a suitable detection system, 
particular in the context of detecting molecules containing the detection group after or during 
electrophoretic separation. One preferred detection group is a fluorescent group that can be 
40 readily detected during or after electrophoretic separation of molecules by ll,uminatm ^ 

molecules with a light source in the excitation wavelength and detecting ^^^Z 
from the irradiated molecules. Exemplary fluorescent moieties will be given below. As noted 
above, the detection group is typically common among a set or subset of different 
electrophoretic probes, but may also differ among probe subsets, contributing to the unique 
45 electrophoretic mobilities of the released e-tag reporter. 
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The "mobility modifier" "M" is a generally a chemical group or moiety that is designed 
to have aTart^ular charge to mass ratio, and thus a particular electrophoret. mob.hty m a 
definld eSophoretic system- Exemplary types of mobility modifiers are discussed below. In 
a s Jof n elttrophoretic probes, each unique mobility modifier is debated M, where j-1 to 
n as alove The mobility modifier may be considered to include a mass-modifying region 
IZ ^Charge-modifying region or a single region that acts as both a mass- and charg. 
mod^ing region. The mobility modifying region may also be referred to as M* C*. L, a 
If a lLng group, a mobility/mass identifying region or < W, a charge-imparting moiety 

and a modifier in the elwtrop horetic probe form an "e-tag 

mo ^ ^^Sto the target-binding moiety by a "linking group" winch may be only a 
TvlL bond which is cleavable under selected cleaving conditions or a chem.ca «*ty or 
chain such as a nucleotide and associated phosphodiester bond, an ohgonucleot.de with an 
SSJS^bto bond, an oligopeptide, or an enzyme substrate, that contams a cl^e 
5 ctmica. bond. Cleavage typically occurs as the result of binding of the probe to the^, 
which is followed by enzyme or catalyzed cleavage of the linkmg-group bond. The linking 
Irou! II Piously referred to herein as "L^ "N", depending on the nature and role of the 
linking group as will be defined below. . to „i„,.i ! d 

^5^S^o^ov..e„. bond, or m of the lining group occurs 
ITdLy adjacent the 7— — y". *■ "» J"" ~ " 

30 dra, can ££j*££L „ „ be „„ deretood in the context of the above fcnction of 
rhe various exponents of eleo.rophore.ic probes and e-tag reporters. In some case, suture 
2 JZTJL. on diffcen, lenering sebe.es are empfcyed and <*^*» 
or among structures wilh different lettering schemes w,ll be understood by those skdled 
Is art mviewofttieinlendedftinctionofthestructurebeingreferredto. 
" ^ T Mectrophoretic probe" refers to one of a set of probes of ,he type descnbed * 
having unique target-binding moieties and associated e-tag mo,e,,es mo,et,es. The probes are 
variously expressed by the following equivalent forms herein: .„..■,,„„„„ 
(a) (D M,) - L- Tj, or (D, M,) - N - T, where D is a detect.on morety, M, ,s the jth 
40 mobility mc« is the jth targe, binding agent 

*nH hv N fwhen the linking group is the 5'-terminal nucleotide of an oligonucleotide xargei 
bt£ K '-his anTme following structural designations, (D, Mj> indicates ttet eit er 
the d7ection^oup or the mobility modifier is joined to the linking group, i.e., either (D, Mj ) or 
(Mj,D>. 
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(b) (R Mj) - L-Tj, or (R, M,) - N - Tj, where R is a detection moiety or reporter group, 

ntSfe triphosphate, an amino acid, enher naturally occumn g or syntheKC 

• L may serye to parncipate .„ ore synthests of an cH S ome, **en Turned, 
and is otherwise a functionality resulting from the cleavage between L. the m,r, and J* ta.get 

o, Cec^phlic ples'rJmgtypicaUy a, leas, five, typicaHy 1CM00 or more probes wtth 
different unique target-binding moieties and associated e-tag moieties. 

different unique g Wrophoretic teg probe set" or «e-tag probe set' refe s to a 

Hgands and one or more target nent of an e . teg probe that 

The term "target-binding moiety or lj reiersiouicw v 

a snp detection sequence or an oligonucleotide detection sequence. 

In one Jeral embodiment of the target-binding moiety for use in detection of nucleic 

acidtarg^^l^^ 

nucleotides U s connected by intersubunit linkages: 

25 where ^co^onds to ^suoun^l^ges B, w , where i includes all integers from 1 to n, 
Tnd n is suffic L to allow the moiety to hybridize specifically with a target nucleotide 

40 released Ig reporter species upon cieavage. In this represent, a caontre hgand ( C ), 

nucieaslC^.TbonddTa.iLsit.ute, nuclide <"^^=««~ 
considered as the linking group. In other words, in this r^^^^^Zli 
45 nucleotides are considered as the target binding regton. The same ol,gonucleot,de above won 
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a XT -it -n =TT, = lL = U<=Uii=Ui, where N is the 5 f nucleotide and 
now be expressed as N - Ui - u 2 - u 3 u 4 v 5 <~>6 

parlicip.^ in targe, ignition. In this reputation, a capture ligand <»C»), may be bound 
to the ultimate nucleotide (U,). j oto „t; rt „ 
In one application of this embodiment, the e-tag probe is referred to as a snp detection 
5 sequence, a fluorescence snp detection sequence or an oligonucleotide detection sequence^ 

In another generalized embodiment for use in detection of non-nucleic acid targets, the 
target-binding moiety, Tj is or includes a ligand capable of binding to or interacting with a 
target antiligand and L is a linking group connected to Tj by a bond that is cleavable by a 
selected cleaving agent when the probe is bound to or interacting with the target antiligand. L 
10 may also be referred to as a L", a terminal linking region, a terminal linking group. 

Electrophoretic tag" refers to a composition or reagent for unique identification of an 
entity of interest during separation. An e-tag has the fundamen^l structure giver J§ 
L where D and M, are the detection group and jth mobility modifier, as defined above, and L ,s 
the linking group, and in particular, the bond or residue of the linking group remaining after 
15 cleavage Here the e-tag moiety (D, Mj ) is intended to include both of the structures D-Mj-L 
andMrD-L Other equivalent forms of expressing the e-tag are: 

^LliiE^iL ^ " r T — R where R is a reporter jg ou_Bs-^Mi or M is a mobility jnodrfigrand 
1 i- ~ — Hli"- H~*iftjTior rf ,»if, n (mir). a bond or_aJinking-groa£: 

^^purposes of clarity, the concept of an electrophoretic tag is consistently referred to 
herein as an W however various references to "Etag", "ETAG", "eTAG" and "eTag may 
bl made when retiring to an electrophoretic tag. As used herein, the term "electrophoretic tag 
probe" or "e-tag probe" refers to a reagent used for target recognition, which comprises an e- 
tag and a target-binding moiety. Upon interaction with the corresponding target, the e-tag 
undergoes a change resulting in the release of an e-tag reporter. Su ch an e-tag probe ma vajso 

25 he referred to as a binding member. 

r fTir p mhf ~. ^^ntion find utility in p e r f o rminp multi plexed for 

^^^^ion^Mscti^ transcri ption anal ysiso r mma determination, alleli c 
djenmna^^ "» tw aiSL ***- ^termination *nd jgte 

30 ^Z^^^on to detection of otn^nds , such as ^oteinsjol ysacchandes, etc. 

As used herein, the term "e-tag reporter" refers to the cleavage product generated as a 
result of the interaction between an e-tag probe and its target. In ■ ^^^^ 
reporter comprises the e-tag plus a residual portion of the target binding moiety (Tj) (where as 
^^WiHeexamnle. above, one or more nucleotides in the target-binding ; moiety contain 
35 the cleavable linking group), or a residual portion of the linking group ( when * e 1 S 

considered separate from the target-binding moiety). In another embodiment, the e-tag does 
not retain any of the target binding moiety. E-tag reporters can be differentiated by 
electrophoretic mobility or mass and are amenable to electrophoretic separation and detection, 
although other methods of differentiating the tags may also find use. 
An e-tag reporter resulting from the interaction of an e-tag probe and a nucleic acid target 
typically has the form (D, M j} - N, where N is as defined above, the 5'-end termmal nucleotide 
of a target-binding oligonucleotide. A ^tth~ 
An e-tag reporter resulting from the interaction of an e-tag probe used to detect die 
binding of or interaction between a ligand and an antiligand typically has the form (D, Mj) - L . 
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D and Mj are defined above and L' is the residue of L that remains attached to (D, Mj) after an 
e-tag reporter is cleaved from the corresponding e-tag probe. 

e-tag reporters may also be described as electrophoretic tags or eTags for use in 
electrophoresis, released eTags, released e-tags, etc. The e-tag for use in electrophoresis may 
5 also be represented by the formula: R-L-T, as described above, where T is retained and is 
otherwise a functionality resulting from the cleavage between L, the mir, and the target-binding 

re?1 ° n As used herein, the term "binding event" generally refers to the binding of the target 
binding moiety of an e-tag probe to its target. By way of example, such binding may involve 
10 the interaction between complementary nucleotide sequences or the binding between a hgand 

and target antiligand. . . . , , 

As used herein, the term "capture Hgand", refers to a group that ,s typically included 
within the target binding moiety or portion of an e-tag probe and is capable of binding 
specifically to a "capture agent" or receptor. The interaction between such a capture hgand and 
15 the corresponding capture agent may be used to separate uncleaved e-tag probes from released 
e-tag reporters. 

11 Compositions Of The Invention . 

The subiect invention provides compositions and methods for improved analvsis of 
20 complex mixtures, where one is interested in the simultaneous identification of a plurality of 
entities such as nucleic acid or ammo acid sequences, snps, alleles, mutates, proteins, 
haptens, protein family members, expression products, etc., analvsis of the response of a 
plurahtv of entities to an agent that can affect the mobility of the entities, and the like. 
"I ibraries of differentiate compounds are provided, where the compounds comprise a mobihtv- 
25 Identifying region (including rnass-identifvmg region) ("mir"). that provides for ready 
identification bv electrophoresis or mass spectrometrv (differentiation by mob ility m an 
electrical field or magnetic field), bv itself or in conjunction with a detectable label. Depending 
on the determination the product may also include one or more nucleotides or their equivalent, 
one or more amino acids or their equivalent, a functionality resulting from the release of the 
30 target-binding region or a modified functionality as a result of the action of an agent on the 

tar-t-bmding region. The mobility-identifying region or mir may be designated as a mobility 
modifier given that it provides for ready identification by electrophoresis, by itself or in 
conjunction with a detectable label. ... 

The methodology involves employing detectable tags that can be differentiated bv 
35 electrophoretic mobility or mass. The tags comprise mobili*-identifving regions joined to a 
moietv that will undergo a change to produce a product. Depending on the nature of the 
change the change ma'v involve a change in mass and/or charge of the mir. the release of the 
mir from all or a portion of the target-binding region or may provide for the ability to sequester 
the mir from the starting material for preferential release of the mir. The differentiate tags. 
40 whether identified by electrophoresis or mass spectrometry, comprising the mir with or ^ 
without the detectable label and a portion of the target-binding region will be referred to as e- 

* Such differentiate e-tags, comprising the e-tag with or without a portion of the target- 
binding region for use in detection may be conveniently referred to as "e-tag reporters . The e- 
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tag reporters are generated as the result of the interaction between an e-tag probe (which 
comprises an e-tag joined to a target-binding region) and a corresponding target. 

In addition, the subject invention employs a variety of reagent systems, where a 
binding event results in a change in mobility of the e-tag. The binding event is between a 
5 target-binding region and a target, and the reagent system recognizes this event and changes the 
nature of the e-tag containing target-binding region, so that the mobility and/or mass of the 
product is different from the starting material. The reagent system will frequently involve an 
enzyme and the reagent system may comprise the target. The effect of the reagent system is to 
make or break a bond by physical, chemical or enzymatic means. Each of the products of the 
1 0 different e-tag containing target-binding regions can be accurately detected, so as to determine 
the occurrence of the binding event. Following the binding event, one or more reaction 
products are produced that exhibit mobilities different from the e-tag probe or probes from 
which the reaction products derive. The released form of the e-tag or the e-tag reporter exhibits 
a different mobility and/or mass than the e-tag from which it derives. 
1 5 The subject invention may be used for a variety of multiplexed analyses involving the 

action of one or more agents on a plurality of reagents comprising the mir and a target-binding 
region that undergoes a change as a result of a chemical reaction, resulting in a change m 
mobility of the product as compared to the starting material. The reaction may be the result of 
addition or deletion in relation to the target-binding region, so that the resulting product may be 
20 sequestered from the starting material. The subject systems find use in nucleic acid and protein 
analyses, reactions, particularly enzyme reactions, where one or more enzymes are acting on a 
group of different potential or actual substrates, and the like. 

A system is provided for the simultaneous multiplexed determination of a plurality of 
events employing electrophoresis to distinguish the events, comprising an electrophoretic 
25 device for electrophoretic separation and detection, a container containing a first set of first 
agents, referred to as "e-tags," comprising differing mobility regions and a second reagent 
composition comprising at least one active second agent, under conditions where said second 
agent modifies at least one member of said first agent set resulting in a change of 
electrophoretic mobility of said at least one member to provide a modified member retaining 
30 said mobility region, and transfer of said at least one modified member to said electrophoretic 
device for separation and detection of said at least one modified member. The electrophoretic 
device may be connected to a data processor for receiving and processing data from the device, 
as well as operating the electrophoretic device 

The first set of first agents are considered to be "e-tag probes," and the modified 
35 members that retain the mobility region or mobility modifying region and are subjected to 

analysis are referred to as "e-tag reporters". In general, the e-tag probes comprise a mobility 
modifying region that is joined to a target binding region by a linker, which may include or be a 
reactive functionality, a cleavable linkage, a bond which may or may not be releasable or a 
group for joining to one or more of the other regions. 
40 The systems are based on having libraries available comprising a plurality of e-tags that 

comprise at least a plurality of different mobility-identifying regions, so as to be separable by 
electrophoresis with the entities to which the mobility-identifying regions are attached. The 
mobility-identifying regions are retained in the product of the reaction, where the product is 
modified by the gain and/or loss of a group that changes the mass and may also change the 
45 charge of the product, as compared to the starting material. In some instances, the mobility- 



13 



Attorney Docket No. 0225-0033.25 



identifying region may be joined to a target-binding region by a cleavable bond, so that the 
mobility-identifying region is released for analysis subsequent to the modification of the target- 
binding region, e.g. complex formation. 

Tn one aspect the subject assays are predicated on having a reagent that has a high 

5 affinity for a reciprocal binding member, the analyte. Usually, the binding affinity will be at 
least about lO^M 1 , more usually, at least about lO^M 1 . For the most part, the reagents will be 
receptors, which includes antibodies, IgA, IgD, IgG, IgE and IgM and subtypes thereof, 
enzymes, lectins, nucleic acids, nucleic acid binding proteins, or any other molecule that 
provides the desired specificity for the analyte in the assay. The antibodies may be polyclonal 

10 or monoclonal or mixtures of monoclonal antibodies depending on the nature of the target 
composition and the targets. The targets or analytes may be any molecule, such as small 
organic molecules of from about 100 to 2500 Da, poly(amino acids) including peptides of from 
about 3 to 100 amino acids and proteins of from about 100 to 50,000 or more amino acids, 
saccharides, lipids, nucleic acids, etc., where the analytes may be part of a larger assemblage, 

1 5 such as a cell, microsome, organelle, virus, protein complex, chromosome or fragment thereof, 
nucleosome, etc. 

A. Electrophoretic Tags 

An e-tag will be a molecule, which is labeled with a directly detectable label or can be 
20 made so by functionalization. The electrophoretic tags will be differentiated by their 

electrophoretic mobility, usually their mass/charge ratio, to provide different mobilities for each 
electrophoretic tag. Although in some instances the electrophoretic tags may have identical 
mass/charge ratios, such as oligonucleotides but differ in size or shape and therefore exhibit 
different electrophoretic mobilities under appropriate conditions. Therefore, the tags will be 
25 amenable to electrophoretic separation and detection, although other methods of differentiating 
the tags may also find use. The e-tag may be joined to any convenient site on the target binding 
reagent, without interfering with the synthesis, release and binding of the e-tag labeled reagent. 
For nucleotides, the e-tag may be bound to a site on the base, either an annular carbon atom or a 

hvdroxyl or amino substituent. 

30 In mass spectrometry, the E-TAGs may be different from the E-TAGs used in 

electrophoresis, since the E-TAGs do not require a label, nor a charge. Thus, these E-TAGs 
may be differentiated solely by mass, which can be a result of atoms of different elements, 
isotopes of such elements, and numbers of such atoms. 

Electrophoretic tags are small molecules (molecular weight of 150 to 10,000), usually 

3 5 other than oligonucleotides, which can be used in any measurement technique that permits 
identification by mass, e.g. mass spectrometry, and or mass/charge ratio, as in mobility in 
electrophoresis . Simple variations in mass and/or mobility of the electrophoretic tag leads to 
generation of a library of electrophoretic tags, that can then be used to detect multiple snp's or 
multiple target sequences. The electrophoretic tags are easily and rapidly separated in free 

40 solution without the need for a polymeric separation media. Quantitation is achieved using 

internal controls. Enhanced separation of the electrophoretic tags in electrophoresis is achieved 
by modifying the tags with positively charged moieties. 

The e-tags are a group of reagents having a mir that with the other regions to which the 
mir is attached during separation provide for unique identification of an entity of interest. The 

45 mir of the e-tags can vary from a bond to about 1 00 atoms in a chain, usually not more than 
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about 60 atoms, more usually not more than about 30 atoms, where the atoms are carbon, 
oxygen, nitrogen, phosphorous, boron and sulfur. Generally, when other than a bond, the mir 
will have from 0 to 40, more usually from 0 to 30 heteroatoms, which in addition to the 
heteroatoms indicated above will include halogen or other heteroatom. The total number of 
5 atoms other than hydrogen will generally be fewer than 200 atoms, usually fewer than 100 

atoms. Where acid groups are present, depending upon the pH of the medium in which the mir 
is present, various cations may be associated with the acid group. The acids may be organic or 
inorganic, including carboxyl, thionocarboxyl, thiocarboxyl, hydroxamic, phosphate, phosphite, 
phosphonate, sulfonate, sulfonate, boronic, nitric, nitrous, etc. For positive charges, substituents 
1 0 will include amino (includes ammonium), phosphonium, sulfonium, oxonium, etc., where 

substituents will generally be aliphatic of from about 1 - 6 carbon atoms, the total number of 
carbon atoms per heteroatom, usually be less than about 12, usually less than about 9. The mir 
may be neutral or charged depending on the other regions to which the mir is attached, at least 
one of the regions having at least one charge. Neutral mirs will generally be polymethylene, 
1 5 halo- or polyhaloalkylene or aralkylene (a combination of aromatic— includes heterocyclcic- 
and aliphatic groups), where halogen will generally be fluorine, chlorine, bromine or iodine, 
polyethers, particularly, polyoxyalkylene, wherein alkyl is of from 2-3 carbon atoms, 
polyesters, e.g. polyglycolide and polylactide, dendrimers, comprising ethers or thioethers, 
oligomers of addition and condensation monomers, e.g. acrylates, diacids and diols, etc. The 
20 side chains include amines, ammonium salts, hydroxyl groups, including phenolic groups, 

carboxyl groups, esters, amides, phosphates, heterocycles, particularly nitrogen heterocycles, 
such as the nucleoside bases and the amino acid side chains, such as imidazole and quinoline, 
thioethers, thiols, or other groups of interest to change the mobility of the e-tag. The mir may 
be a homooligomer or a heterooligomer, having different monomers of the same or different 
25 chemical characteristics, e.g., nucleotides and amino acids. Desirably neutral mass 

differentiating groups will be combined with short charged sequences to provide the mir. 

The charged mirs will generally have only negative or positive charges, although, one 
may have a combination of charges, particularly where a region to which the mir is attached is 
charged and the mir has the opposite charge. The mirs may have a single monomer that 
30 provides the different functionalities for oligomerization and carry a charge or two monomers 
may be employed, generally two monomers. One may use substituted diols, where the 
substituents are charged and dibasic acids. Illustrative of such oligomers are the combination 
of diols or diamino, such as 2,3-dihydroxypropionic acid, 2,3-dihydroxysuccinic acid, 2,3- 
diaminosuccinic acid, 2,4-dihydroxyglutaric acid, etc. The diols or diamino compounds can be 
3 5 linked by dibasic acids, which dibasic acids include the inorganic dibasic acids indicated above, 
as well as dibasic acids, such as oxalic acid, malonic acid, succinic acid, maleic acid, furmaric 
acid, carbonic acid, etc. Instead of using esters, one may use amides, where amino acids or 
diamines and diacids may be employed. Alternatively, one may link the hydroxyls or amines 
with alkylene or arylene groups. 
40 By employing monomers that have substituents that provide for charges or which may 

be modified to provide charges, one can provide for mirs having the desired mass/charge ratio. 
For example, by using serine or threonine, one may modify the hydroxyl groups with phosphate 
to provide negatively charged mirs. With arginine, lysine and histidine, one provides for 
positively charged mirs. Oligomerization may be performed in conventional ways to provide 
45 the appropriately sized mir. The different mirs having different orders of oligomers, generally 
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having from 1 to 20 monomeric units, more usually about 1 to 12, where a unit intends a 
repetitive unit that may have from 1 to 2 different monomers. For the most part, oligomers will 
be used with other than nucleic acid target-binding regions. The polyfunctionahty of the 
monomeric units provides for functionalities at the termini that may be used for conjugation to 
5 other moieties, so that one may use the available functionality for reaction to provide a different 
functionality. For example, one may react a carboxyl group with an aminoethylthiol, to replace 
the carboxyl group with a thiol functionality for reaction with an activated olefin. 

By using monomers that have 1-3 charges, one may employ a low number of 
monomers and provide for mobility variation with changes in molecular weight. Of particular 
10 interest are polyolpolycarboxylic acids having from about two to four of each functionality 

such as tartaric acid, 2,3-dihydroxyterephthalic acid, 3,4-dihydroxyphthalic acid, A -tetrahydro- 
3 4-dihydroxyphthalic acid, etc. To provide for an additional negative charge, these monomers 
may be oligomerized with a dibasic acid, such as a phosphoric acid derivative to form the 
phosphate diester. Alternatively, the carboxylic acids could be used with a diamine to form a 
1 5 polyamide, while the hydroxyl groups could be used to form esters, such as phosphate esters or 
ethers such as the ether of glycolic acid, etc. To vary the mobility, various aliphatic groups of 
differing molecular weight may be employed, such as polymethylenes, polyoxyalkylenes, 
polyhaloaliphatic or -aromatic groups, polyols, e.g. sugars, where the mobility will differ by at 
least about 0.01, more usually at least about 0.02 and more usually at least about 0.5. 
20 Alternatively, the libraries may include oligopeptides for providing the charge, particularly 
oligopeptides of from 2-6, usually 2-4 monomers, either positive charges resulting from 
lysine arginine and histidine or negative charges, resulting from aspartic and glutamic acid. Of 
course, one need not use naturally occurring amino acids, but unnatural or synthetic amino 
acids, such as taurine, phosphate substituted serine or threonine, S-a-succinylcysteme, co- 
25 oligomers of diamines and amino acids, etc. 

Where the e-tags are used for mass detection, as with mass spectrometry, the e-tags 
need not be charged but merely differ in mass, since a charge will be imparted to the e-tag 
reporter by the mass spectrometer. Thus, one could use the same or similar monomers, where 
the functionalities would be neutral or made neutral, such as esters and amides of carboxylic 
30 acids Also, one may van' the e-tags by isotopic substitution, such as 2 H, ls O, C, etc. 

The e-tag may be linked by a stable bond or one, which may be cleavable, thermally, 
photolyticallv or chemically. There is an interest in cleaving the e-tag from the target-binding 
region in situations where cleavage of the target-binding region results in significant cleavage 
at other than the desired site of cleavage, resulting in satellite cleavage products, such as di- and 
35 higher oligonucleotides and this family of products interferes with the separation and detection 
of the e-tags. However, rather than requiring an additional step in the identification of the tags 
by releasing them from the base to which they are attached, one can modify the target binding 
sequence to minimize obtaining cleavage at other than the desired bond, for example, the 
ultimate or penultimate phosphate link in a nucleic acid sequence. For immunoassays 
40 involving specific binding members, bonding of the e-tag will usually be through a cleavable 
bond to a convenient functionality, such as carboxy, hydroxy, amino or thiol, particularly as 
associated with proteins, lipids and saccharides. 

If present, the nature of the releasable or cleavable link may be varied widely. 
Numerous linkages are available, which are thermally, photolytically or chemically labile. See, 
45 for example, U.S. Patent No. 5,721,099. Where detachment of the product from all or a portion 
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of the target-binding region is desired, there are numerous functionalities and reactants which 

ethers may be used, where substituted benzyl ether or denies 
ZeTf e g benzhydryl ether, indanyl ether, etc. may be cleaved by acute or m.ld reductrve 
londTtLns 8 ' Alternatively, one may employ beta-elimination, where a mild base may serveto 
5 relea ! the product. Acetals, including the thio analogs thereof, may be employed, where mdd 
in the presence of a capturing carbonyl compound, may serve. By combimng 
toaldehyde HC1 and an alcohol moiety, an a-chloroether is formed. Th.s may then be 
cTp"- hydroxy functionality to form the acetal. Various photolabile hnkages may be 

employeZ such as o-nitrobenzyl, 7-nitroindanyl, 2-nitrobenzhydryl ethers or esters eta 
employed, ^ ^ ^ ^ ^ ^ ^ ^ G 

in Organic Synthesis, 2"« ed. Wiley, 1991 . The versatility of the vanous ; systems that have been 
devdoped alLs for broad variation in the conditions for attachment of the e-tag entme. 

Various functionalities for cleavage are illustrated by: silyl groups being cleaved wnh 
fluoride oxidation, acid, bromine or chlorine; o-nitrobenzyl with light; catechols w.th cenum 
1 5 ST tZ tith ozone permanganate or osmium tetroxide; sulfides wuh singlet oxygen or 
enzyme catalyzed oxidative cleavage with hydrogen perox.de, where the resulting sulfone can 
und^go elimLtion; furans with oxygen or bromine in methanol; ternary alcohols wrth acid, 
ketals and acetals with acid; a- and P -substituted ethers and esters w,th base, where the 
substituent is an electron withdrawing group, e.g., sulfone, sulfox.de, ketone etc., and the hke. 
20 i^e embodiment, the electrophoretic tags will have a hnker, winch provides the 

linkage between the base and the detectable label molecule, usually a fluorescer or a 
functLality which may be used for Unking to a detectable label molecule. By having different 
ZLJL, winch may be individually bonded to a detectable label molecule, one enhances 
^opportunity for divershy of the electrophoretic tags. Usmg different fluorescers for joining 
25 to the different functionalities, the different fluorescers can provide differences m light 

emission and mass/charge ratios for the electrophoretic tags. ^ n rf e Htothe 
For the most part, the linker may be a bond, where the label is directly bonded to the 
nucleoside, or a link of from 1 to 500 or more, usually 1 to 300 atoms, more usually 2 to 100 
1ms n the chain. The total number of atoms in the cham will depend to a subs^a degree 

the most part wUl be comprised of carbon, nitrogen, oxygen, phosphorous, boron, and sulfur. 
Various substituents may be present on the linker, winch may be naturally present as part of h 
naturally occurring monomer or introduced by synthesis. Functionality which may be present 
^ZoLn include amides, phosphate esters, ethers, esters, thioethers, disulfides, borate esters, 
35 sulfate esters, etc. The side chains include amines, ammonium salts, hydroxyl groups, 
including phenoUc groups, carboxyl groups, esters, amides, phosphates, heterocycles, 
particularly nitrogen heterocycles, such as the nucleoside bases and the amino acd side chains, 
such as imidazole and quinoline, thioethers, thiols, or other groups of interest to change the 
mobility of the electrophoretic tag. The linker may be a homoohgomer or a hetercx>hgomer, 
40 having different monomers of the same or different chemical characteristics, e.g., nucleotides 
and amino acids. 

The linker or mir may be joined in any convenient manner to a unit of the target- 
binding region, such as the base of the nucleoside or the amino acid of a protein. Vanous 
functionalities which may be used include alkylamine, amidine, thioamide, ether, urea, 
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thiourea, guanidine, azo, thioether and carboxylate, sulfonate, and phosphate esters, amides and 

thioesters. , , 

The linkers may be oligomers, where the monomers may differ as to mass and charge. 
For convenience and economy, monomers will generally be commercially available, but if 
5 desired they may be originally synthesized. Monomers which are commercially available and 
readily lend themselves to oligomerization include amino acids, both natural and synthetic, 
nucleotides, both natural and synthetic, and monosaccharides, both natural and synthetic, while 
other monomers include hydroxyacids, where the acids may be organic or inorganic, e.g. 
carboxylic, phosphoric, boric, sulfonic, etc., and amino acids, where the acid is inorganic, and 
10 the like In some instances, nucleotides, natural or synthetic, may find use. The monomers 
may be neutral, negatively charged or positively charged. Normally, the charges of the 
monomers in the linkers will be the same, so that in referring to the mass/charge ratio, it will be 
related to the same charge. Where the label has a different charge from the linker or mir, this 
will be treated as if the number of charges are reduced by the number of charges on the linker 
15 or mir For natural amino acids, the positive charges may be obtained from lysme, argimne and 
histidine, while the negative charges may be obtained from aspartic and glutamic acid. For 
nucleotides, the charges will be obtained from the phosphate and any substituents that may be 
present or introduced onto the base. For sugars.sialic acid, uronic acids of the various sugars, 
or substituted sugars may be employed. 
20 It will be understood that the mir or mobility/mass identifying region, also referred to 

herein as "L", M*, C*. the mobility identifying region, the mobility region, the mobility 
modifying region,'the mobility modifier or Mj is the component of an e-tag or e-tag reporter 
which has a known charge/mass ratio and imparts a known and unique electrophoretic mobility 
to an e-tag reporter comprising the mir or mobility modifier. 
25 The linker L may include charged groups, uncharged polar groups or be non-polar. 

The groups may be alkylene and substituted alkylenes, oxyalkylene and polyoxyalkylene, 
particularly alkylene of from 2 to 3 carbon atoms, arylenes and substituted arylenes, 
polyamides, polyethers, polyalkylene amines, etc. Substituents may include heteroatoms, such 
as halo, phosphorous, nitrogen, oxygen, sulfur, etc., where the substituent may be halo, mtro, 
30 cyano, non-oxo-carbonyl, e.g. ester, acid and amide, oxo-carbonyl, e.g. aldehyde and keto, 

amidine urea, urethane, guanidine, carbamyl, amino and substituted ammo, particularly alkyl 
substituted amino, azo, oxy, e.g. hydroxyl and ether, etc., where the substituents will generally 
be of from about 0 to 10 carbon atoms, while L will generally be of from about 1 to 100 carbon 
atoms, more usually of from about 1 to 60 carbon atoms and preferably about 1 to 36 carbon 
35 atoms' L will be joined to the label and the target-binding region by any convenient 

functionality, such as carboxy, amino, oxy, phospho, thio, iminoether, etc., where in many 
cases the label and the target-binding region will have a convenient functionality for linkage. 

The number of heteroatoms in L is sufficient to impart the desired charge to the label 
conjugate, usually from about 1 to about 200, more usually from about 2 to 100, heteroatoms. 
40 The heteroatoms in L may be substituted with atoms other than hydrogen. 

The charge-imparting moieties of L may be, for example, amino acids, 
tetraalkylammonium, phosphonium, phosphate diesters, carboxylic acids, thioacids, sulfonic 
acids, sulfate groups, phosphate monoesters, and the like and combinations of one or more of 
the above. The number of the above components of L is such as to achieve the desired number 
45 of different charge- imparting moieties. The amino acids may be, for example, lysine, aspartic 
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acid, alanine, gamma-aminobutyric acid, glycine, P-alanine, cysteine, glutamic acid, 
homocysteine, P-alanine and the like. The phosphate diesters include, for example, dimethyl 
phosphate diester, ethylene glycol linked phosphate diester, and so forth. The thioacids include, 
by way of example, thioacetic acid, thiopropionic acid, thiobutyric acid and so forth. The 
5 carboxylic acids preferably have from 1 to 30 carbon atoms, more preferably, from 2 to 15 
carbon atoms and preferably comprise one or more heteroatoms and may be, for example, 
acetic acid derivatives, formic acid derivatives, succinic acid derivatives, citric acid derivatives, 

phytic acid derivatives and the like. 

Of particular interest for L is to have two sub-regions, a common charged sub-region, 
10 which will be common to a group of e-tags, and a varying uncharged, a non-polar or polar sub- 
region, that will vary the mass/charge ratio. This permits ease of synthesis, provides for 
relatively common chemical and physical properties and permits ease of handling. For 
negative charges, one may use dibasic acids that are substituted with functionalities that permit 
low orders of oligomerization, such as hydroxy and amino, where amino will usually be present 
15 as neutral amide. These charge-imparting groups provide aqueous solubility and allow for 

various levels of hydrophobicity in the other sub-region. Thus the uncharged sub-region could 
employ substituted dihydroxybenzenes, diaminobenzenes, or aminophenols, with one or greater 
number of aromatic rings, fused or non-fused, where substituents may be halo, nitro, cyano, 
alkyl, etc., allowing for great variation in molecular weight by using a common building block. 
20 Where the other regions of the e-tag impart charge to the e-tag, L may be neutral. 

In one preferred embodiment of the present invention, the charge-imparting moiety is 
conveniently composed primarily of amino acids but also may include thioacids and other 
carboxylic acids having from one to five carbon atoms. The charge imparting moiety may have 
from 1 to 30 preferably 1 to 20, more preferably, 1 to 10 amino acids per moiety and may also 
25 comprise 1 to 3 thioacids or other carboxylic acids. However, when used with an uncharged sub- 
region the charged sub-region will generally have from 1 - 4, frequently 1 - 3 ammo acids. As 
mentioned above, any amino acid, both naturally occurring and synthetic, may be employed. 
The e-tag for use in electrophoresis may be represented by the formula: 

R-L-T 

30 wherein R is a label, particularly a fluorescer, L is a mir, a bond or a linking group 

where L and the regions to which L is attached provide for the variation in mobility of the e- 
tags T comprises a portion of the target-binding region, particularly a nucleoside base, purine 
or pyrimidine, and is the base, a nucleoside, nucleotide or nucleotide triphosphate, an amino 
acid either naturally occurring or synthetic, or other functionality that may serve to participate 

35 in the synthesis of an oligomer, when T is retained, and is otherwise a functionality resulting 

from the cleavage between L, the mir, and the target-binding region. L provides a major factor 
in the differences in mobility between the different e-tags, in combination with the label and 
any residual entity, which remain with the mir. L may or may not include a cleavable linker, 
depending upon whether the terminal entity to which L is attached is to be retained or 

40 completely removed. 

fa one renresentetinn of the invention. L has been substantially described as the mir 
and as indicated previously may include charged groups, uncharged polar groups or be non- 
polar The groups may be alkylene and substituted alkylenes, oxyalkylene and 
polyoxyalkylene, particularly alkylene of from 2 to 3 carbon atoms, arylenes and substituted 
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arvlenes polyamides, polyethers, polyalkylene amines, etc. Substituents may ^ 
ne^ms such as hi! phosphorous, nitrogen, oxygen, sulfur, etc where the substttuent 
lav be hi' nitro cyano, non-oxo-carbonyl, e.g. ester, acid and amide, oxo-carbonyl, e.g. 
Zwf^o, aLdine, urea, urethane, guanidine, carbamyl, amino and substi*ted ammo, 
nartkularly alkyl ubstituted amino, azo, oxy, e.g. hydroxyl and ether, etc., where the 
Lttitents wm generally be of from about 0 to 1 0 carbon atoms, wh le L w.ll generally be of 
from aTo^ 1 to 100 carbon atoms, more usually of from about 1 to 60 carbon atoms and 
I Irlly about 1 to 36 carbon atoms. L will be joined to the label and the 
Son by any convenient functionality, such as carboxy, ammo, oxy phospo, thio, immoether, 
H where in many cases the label and the target-binding region will have a convement 

conjugat" from about 1 to about 200, more usually from about 2 to 100, heteroatoms. 
The heteroatoms in L may be substituted with atoms other than hydrogen^ 

Tl embodiment of the present invention the labe! conjugates havmg different 
charge to mass ratios may comprise fluorescent compounds, each of which are anted to 
iTules that .mpartacharge to me fluorescent 

previously, desirably the linking group has an overall negative charge, pref 

else of a piurahty of groups, groups of the same charge, where the total charge may be reduced 

which wi.l be common to a group of e-tags, and a varying uncharged, a non-polar or po^ar sub- 
Tegion, that will vary the mass/charge ratio. This permits ease of synthesis, provides for 
reLvelv common chemical and physical properties and permits ease of handl ng. For 
ntativ Ta^s one may use dibasic acids that are substituted with functionalities that permit 
STo^SU.^ such as hydroxy and amino, where amino will usually be present 
as ZZ Tide These charge imparting groups provide aqueous solubility and allow for 
various 12 of hydrophobics in the other sub-region.. Thus the uncharged sub-region could 
Tp^ — 

number of aromatic rings, fused or non-fused, where substituents may be halo, ^cy^ 
alkyl etc., allowing for great variation in molecular weight by using a common building block. 
Where the other regions of the e-tag impart charge to the e-tag, L may be neutral 

t Le instances, where release of the e-tag resuhs in an avaUable functionality *at 
can be used to react with a detectable label, there will be no need for Rto be a functionality 
X relea e of the e-tag can provide an hydroxyl, ammo, carboxy or thiol group where each 
^I^^Z^lo.^^^^^ Totheextentthatthee-uagis 
Zsed free of a component of the target-binding region, this opportunity will be present^ n 
that case R is the unreactive (under the conditions of the conjugation) terminus of L and T is a 

) region or mav be available for binding to all or a portion of the ^^^^ 
Conjugates of particular interest comprise a fluorescent compound and a different 
amino acid or combinations thereof in the form of a peptide or combinations of ammo .cids 
and thioacids or other carboxylic acids. Such compounds are represented by the formula. 

R'-L'-T' 
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Fluorescer-L"-(aminoacid) n - 1 
,• . • nf from 1 to 20 atoms other than hydrogen, n is 1 to 

wto ei» L» is a bond « a .nkmg £^ inc , uding . ^ . nucl e<*ide, a 
20, and V comprises a nucleoside base, pimn P, ,,.„, j^Ky for linking to the target- 
^ideor „ue,e„.ide ^^"t^^ ° f " " 

=Cis=== 

f ° llOWS: F luorescein-(CO)NH-CH(CH 2 )3CH(NH 2 Xamino acid) n COX» 

wherein X is as set forth in Table 1 . 

Table 1. . 

No. 

OH 




, ..... • n/M 2ii Examples of such label conjugates are 
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Tab le 2 Various Characteristics For T he Label Conjugates. 




Another group of e-tags has a mir which is dependent on using an alkylene or 
5 aralkylene (comprising a divalent aliphatic group having 1 - 2 aliphatic regions and 1-2 
aromL regions generally benzene), where the groups may be substituted or unsubstituted, 
3;uns 8 ubst,tuL,of fr om2- 16, more usually 2 - * ^ ^.f^™ 
link the same or different fluoresces to a monomeric unit, e.g. a nucleotide. The mir may 
terminate in a carboxy, hydroxy or amino group, being present as an ester or amide^ By 
10 varying the substituents on the fluorophor, one can vary the mass m units of at least 5 or more, 
usually at least about 9, so as to be able to obtain satisfactory separation m capillary 
electrophoresis. To provide further variation, a thiosuccinimide group may be employed to join 
alkvlene or aralkylene groups at the nitrogen and sulfur, so that the total number of carbon 
atoms mav be in me range of about 2 - 30, more usually 2 - 20. Instead of or in combination 
1 5 with the above groups and to add hydrophilicity, one may use alkyleneoxy groups. 

Besides the nature of the mir, as already indicated, diversity can be achieved by the 
chemical and optical characteristics of the label, the use of energy transfer 
in the chemical nature of the mir, which affects mobility, such as folding, interaction wdfc the 
solvent and ions in the solvent, and the like. As^ady^ggestedl n one embodiment of the 
20 invention, the mir will usually be an oligomer, where the mir may be ^^Mcs!^ 
o7^d7ced by cloning or expression in an appropriate host. Conveniently, polypeptides can 
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be produced where there is only one cysteine or serine/threonine/tyrosme, aspamc/glutamic 
acid or lysme/arginine/histidine, other than an end group, so that there 1S a unique 
Llwity, whlh may be differentially functionalized. By using protective groups, one can 
Anguish a side chain functionality from a terminal amino acid functtonahty. Also by 
5 appTriate design, one may provide for preferential reaction between the same fonctionahties 
Zlatdifferentsitesonthemi, Whether one uses synthesis or cloning for preparation of 
oligopeptides, will to a substantial degree depend on the length of the mrr 

8 Substituted aryl groups can serve as both mass- and charge-modifying regions (Figure 
2) Various functionalities may be substituted onto the aromatic group, e.g. phenyl, to provide 
10 mass as well as charges to the e-tag reporter. The aryl group may be a terminal group where 
Ty one linking functionality is required, so that a free hydroxyl group may be acylated, may 
beached as side chain to an hydroxyl present on the e-tag reporter ^™^ V ^° 
tonalities, e.g. phenolic hydrops, that may serve for phophite 
substituents, such as halo, haloalkyl, nitro, cyano, alkoxycarbonyl, alkyMuo, etc. where the 
1 5 erouDS may be charged or uncharged 
8 ' The label conjugates may b^ 

known in the art. The charge-imparting moiety L may be synthesized from smaller molecules 
thTt have functional groups that provide for linking of the molecules to one another, a 
linear chain. Such functional groups include carboxylic acids, amines, and hydroxy- or thio - 
20 groups In accordance with the present invention the charge-imparting moiety may have one or 
more side groups pending from the core chain. The side groups have a functionality to provide 
for linking to a label or to another molecule of the charge-imparting moiety 

Common functionalities resulting from the reaction of the functional groups employed are 
exemplified by forming a covalent bond between the molecules to be conjugated. Such 
25 functionalities are disulfide, amide, thioamide, dithiol, ether, urea, thiourea, guamdine, azo, 
thioether, carboxylate and esters and amides containing sulfur and phosphorus such as, e.g. 
sulfonate, phosphate esters, sulfonamides, thioesters, etc., and the like. 

The electrophoretic tags comprise a linker, which provides the linkage between the 
base and the fluorescent molecule or a functionality which may be used for linking to a 
30 fluorescent molecule. By having different functionalities that may be individually bonded to a 
detectable label, one enhances the opportunity for diversity of the e-tags. Using different 
fluoresces for joining to the different functionalities, the different fluoresces can prov.de 
differences in light emission and mass/charge ratios for the e-tags. 

35 B Fl^mnhoretic T» ? « For Use In Electrophoresis 

The electrophoretic tag, which is detected, will compnse the mir, generally a label and 
optionally a portion of the target-binding region, all of the target-binding region when ftc Harget 
is an enzyme and the target-binding region is the substrate. Generally, the ^ 
will have a charge/mass ratio in the range of about -0.0001 to 0.1, usually in the range o about 
40 -0 001 to about 0.5. Mobility is q/M 273 , where q is the charge on the molecule and M is the 
mass of the molecule. Desirably, the difference in mobility under the conditions of the 
determination between the closest electrophoretic labels will be at least about 0.001, usually 
0.002, more usually at least about 0.01, and may be 0.02 or more 

In those instances where a label is not present on the e-tag bound to feejargeiiinding 
45 moiety a snp detection sequence! the mixture may be added to a functionalized 
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fluorescent tags to label the e-tag with a fluoresce For example, where a thiol group _is 
present the fluorescer could have an activated ethylene, such as maleic acid to form the 
th^er For hydroxyl groups, one could use activated halogen or pseudohalogen for forming 
an ether, such as an a-haloketone. For carboxy. groups, carbodiimide and appropriate ammes 
5 or alcohols would form amides and esters, respectively. For an amme, one could use actuated 
carboxylic acids, aldehydes under reducing conditions, activated halogen or pseudohalogen, 
etc Uen synthesizing oligopeptides, protective groups are used. These could be retained 
while the fluorescent moiety is attached to an available functionality on the oligopeptide. 

10 C. Ca pture Liaands 

Other reagents that are useful include a ligand-modified nucleotide and its receptor. 
Ligands and receptors include biotin and strept/avidin, Hgand and antiligand, ag. digoxm _ar 
derivative thereof and antidigoxin, etc. By having a hgand conjugated to the ohgonucleotide, 
one can sequester the eTag conjugated oligonucleotide probe and its target with the receptor, 
remove unhybridized eTag reporter conjugated oligonucleotide and then release the bound 
eTag reporters or bind an oppositely charged receptor, so that the ligand -receptor complex 
with the eTag reporter migrates in the opposite direction. 

t„ ^ mn l a rv us* nf ^pture lmands. a snp detection sequence may be further 
modified to improve separation and detection of the released e-tags. By virtue of the difference 
3 in mobility of the e-tags, the snp detection sequences will also have different mobilities^ 

Furthermore, these molecules will be present in much larger amounts than the released e-tags, 
so that they may obscure detection of the released e-tags. Also, it is desirable to have 
negatively charged snp detection sequence molecules, since they provide for higher enzymatic 
activity and decrease capillary wall interaction. Therefore, by providing that the intact snp 
5 detection sequence molecule can be modified with a positively charged moiety, but not tiie 
released e-tag, one can change the electrostatic nature of the snp detection sequence molecules 
during the separation. By providing for a capture ligand on the snp detection sequence 
molecule to which a positively charged molecule can bind, one need only add the positively 
charged molecule to change the electrostatic nature of the snp detection sequence molecule. 
(0 Conveniently, one will usually have a ligand of under about 1 kDa. This may be exemplified 
by the use of biotin as the ligand and avidm, which is highly positively charged as the receptor 
(ca^ure^genfj/positively charged molecule. Instead of biotin/avidin, one may have other 
pairs, where the receptor, e.g. antibody, is naturally positively charged or is made so by 
conjugation with one or more positively charged entities, such as arginine, lysine or histidine, 
35 ammonium, etc. The presence of the positively charged moiety has many advantages in 
substantially removing the snp detection sequence molecules. 

If desired the receptor may be used to physically sequester the molecules to which it 
binds removing entirely intact e-tags containing the target-binding reg,on or modified target- 
binding regions retaining the Hgand. These mod,f.ed target-binding regions may be as a result 
40 of degradation of the starting material, contaminants during the preparation, aberrant cleavage, 
etc or other nonspecific degradation products of the target binding sequence. As above, a 
ligand, exemplified by biotin, is attached to the target-binding region, e.g. the penultimate 
nucleoside, so as to be separated from the e-tag upon cleavage. 

After the a 5' nuclease assay, a receptor for the ligand, for biotin exemplified by 
45 streptyavidin (hereafter "avidin") is added to the assay mixture (Example^ Other receptors 
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include natural or synthetic receptors, such as immunoglobulins, lectins, enzymes, etc. 

wld ' T^the separation of the cleaved electrophoretic tag from, not only uncleaved probe, 
So itX^on products, is easily achieved by using conventional separation methods. 
^1 receptor may be bound to a solid support or high molecular weight 

wall, particles, e.g. magnetic 
21 Zrated by phy S1 cal separation or centnfugation, dialysis, etc. This method further 
TlZZt specificity of the assay and allows for a higher degree of multiplexing. 

itmg'Tfirst ligand. One could e^her separate the first receptor from the composi ion or 
ZTZ^oLlu be retained in the composition, as described. This would be followed 

Ugandts bold to the first receptor, with the second receptor, which would serve to isolate or 
enni or modified target-binding region lacking the first ligand, but retaining the second 
fgafd ThTse^ 

.Liable es ahapten or a portion of the e-tag could serve as the second ligand. Afterthe 

displacement of the product, high salt concentrations and/or organic 

For e-tags associated with nucleic acid sequences, improvement include employing 
a blocking linkage between nucleotides in the sequence, particularly at least one of he hnks 
b« le second to fourth nucleotides to inhibit cleavage at this or subsequent si es and 
u^g control sequences for quantitation. Further improvements in the e-tags provide for 
hllmg a positively multicharged moiety joined to the e-tag probe during separation. 

8 xLethe ligand maybe present ataposition other than the ^^^T 
one may make the ultimate linkage nuclease resistant, so that cleavage is directed to the 
plTtimate linkage, this will not be as efficient as having cleavage at 

The above are generally applicable not only to generating a single e-tag per sequence 
detected^uttlso to generation of a single oligonucleotide fragment for fragment separation 
b/electrophoresis or by mass spectra, as it is essentia^ to ^agment 
per sequence detected. For purpose of explanation, these methods » 
Lures 3A-C provide a schematic illustration of the generalized methods of the invention 
) SSing a nucleotide target and a 5' exonuclease indicating that only one eTag is generated 
per target for maximum multiplexing capabilities. 

D F-t?p Ppa gpnts - Synthesis 

Theory for performing the types of syntheses to form the charge-impartuig 
5 moiety or mobility modifier as a peptide chain is well known in the art. See, for example, 
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Marglin, et al, Ann. Rev. Biochem. (1970) 39:841-866. In general, such syntheses involve 

with a^o7riate protecting group, those Actional groups 
involved in the reaction. The free functional groups are then reacted to form the ^desired 
Z g s The peptide can be produced on a resin as in the Merrifield synthesis (Mmrtdd, J. 
A t Chem sl (1980) 85:2149-2154 and Houghten et al, I J5 U^ro L R^(1980) 
^Tt3l0^h"e peptideTs then removed from the resin according to known techniques^ 
- A summary of the many techniques available for the synthesis of peptides may be 
found in J. M. Stewart, et al, "Solid Phase Peptide Synthesis W. ^^^2 p 46 
Francisco (1969); and J. Meienhofer, "Hormonal Protons and Peptides , (1 97^ , vol 2, p ,46, 
Academic Press (New York), for solid phase peptide synthesis; and E. Schroder, * al, The 
Peptides vol. 1, Academic Press (New York), 1965 for solution synthesis. 

in gene al, these methods comprise the sequential addition of one or more amine . acids, 
or suitably protected amino acids, to a growing peptide chain. Normally a suitable protect, ng 
JouTprotl either the amino or carboxyl group of the first amino add. The pro** * or 
Lvatized amino acid can then be either attached to an inert sohd support or utilized in 
so uul by adding the next amino acid in the sequence having the complementary (ammo or 
ca*oxyl) group suitably protected, under conditions suitable for formmg me amtde hnkage. 
The Z ^oup is then removed from this newly added amino acid rescue and the next 
^o^ (suiLy protected) is then added, and so forth. After al. the desired ammo adds 
have been linked in the proper sequence, any remaining protecting groups (and any sohd 
su^ are removed s^uentially or concurrently, to afford the final pept^The protec ung 
groups are removed, as desired, according to known methods depending on ^ Pabular 
Toeing group utilized. For example, the protecting group may be removed by reduct on 
with hydrogen and palladium on charcoal, sodium in liquid ammonia, etc, hydrolysis with 
trifluoroacetic acid, hydrofluoric acid, and the like. 

In one exemplary approach, after the synthes* of the peptide is <~f£*f££ * 
removed from the resin by conventional means such as ammonolysis, acidolysis and the I ke. 
The fully deprotected peptide may then be purified by techniques known in the art such as 
chromatography, for example, adsorption chromatography, ion exchange chromatography, 
partition chromatography, high performance liquid chromatography, thin layer 

chromatography, and so forth. 

£L be seen, the selected peptide representing a charge-imparting moiety may be 

synthesized separately and then attached to the label either directly or by means o a Imkmg 

group. On the other hand, the peptide may be synthesized as a growing chain on ^the label. 

L of the above approaches, the linking of the peptide or amino acid to the label may be 

c^ out using one or more of the techniques described above for the synthes,s of peptides or 

for linking moieties to labels. 

Synthesis of e-ta g s comprising nucleotides can be easily and effectively achieved via 

assembly on a solid phase support during probe synthesis, using standard phosphorarnid.te 
, chemistries. The e-tags are assembled at the 5 end of probes after coupling of a final 

nucleoside residue, which becomes part ofthee-tag during the assay. 

In one approach, the e-tag probe is constructed sequentially from a single or several 

monomeric phosphoramidite building blocks (one containmg a dye residue) which are chosen 

to generate togs with unique electrophoretic mobilities based on their mass to charge n*a The 
5 1-ig probe is thus composed of monomeric units of variable charge to mass ratios bridged by 
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phosphate linkers. FigureMiMltrates the design and synthesis of e-tags 

(Detection- 4 7 cm; 200 V/cm) and standard phosphoramidite coupling chemistry.), lhe 

seoaration of e-tags on a LabCard (Figure 5) has been demonstrated. 

" The penuLnate coupling during probe synthesis is initially earned out using 
commercially available modified (and unmodified) phosphoramidites. Figure 7 shows the 
ZZc of several mobility-modified nucleic acid phosphoramidites that can be employed at 
m^ltimate coupling during e-tag probe synthesis on a standard DN A synthesizer, 
the penuttnn^ p g ^ ^ ^ tQ ^ ^ fa ^ taxget^rand and 

considered a mass modifier but could potentially be a charge modifier as wel L The phosphate 
Ste foled during this coupling is the linkage severed during the 5'-nuclease assay. The 
fin^f coupTng is dont using a phosphoramidite analogue of a dye. Fluorescein is conveniently 
emoloved, but other dyes can be used as well. 

Figure 6 illusLes predicted experimental («) elution tunes of ^ reporters. C s , 
C, C and C„ are commercially available phosphoramidite spacers from Glen Research. 
S£" A. V units are derives of N.N-diisopropyl, O-cyanoethv P^— 

wh ,ch is indrcated bv "Q". C 2mC— 
C 9 isDMToxy(tnethyleneoxy)Q, CnisDMloxyaoaecyi v, j 
Q e-tags J synthesized to generate a contiguous spectrum of signals, one elating after 
another with none of them coeluting (Figure 8). 

All of the above e-tags work well and are easily separable and elute at 40 minutes. To 
generate tags that elute faster, highly charged low molecular weight tags are typically 
Employed. Several types of phosphoramidite monomers allow for the synthesis of highly 
Targed tags with early elution times. Use of dicarboxylate phosphoramidites (Figu e 9, left) 
allows for the addition of 3 negative charges per coupling of monomer. A variety of 
fluorescein derivatives (F lg ure 9^ght) allow the dye component of the tag to carry a h,gher 
mass than standard fluorescein. Polyhydroxylated phosphoramidites (Figure .12) in 
combination with a common phosphorylation reagent enable the synthesis of highly 
phosphorylated tags. Combinations of these reagents with other mass modifier hnker 
phosphoramidites allow for the synthesis of tags with early elut.on times 

The aforementioned label conjugates with different electrophoretic mobility perm ta 
multiplexed amplification and detection of multiple targets, e.g. nucleic acid targets. The label 
r^tes are Led to oligonucleotides in a manner similar to that for labds in general by 
meanJof linkages that are enzymat.cally cleavable. It is, of cours^within the purview of the 
present invention to prepare any number of label conjugates for performing multiplexed 
donations. AccorLgly, for example, with 40 to 50 different ^ «^ 
a single separation channel and 96 different amplification reactions with 96 separation channels 
on a single plastic chip, one can detect 4000 to 5000 single nucleotide polymorphisms. 

One exemplary synthetic approach is outlined in Figure 11. Starting with 
commercially available 6-carboxy fluorescein, the phenolic hydroxy, groups are : protend 
, using an anhydride. Isobutync anhydride in pyridine was employed but othei j™^™ 
equally suitable. It is important to note the significance of choosing an ester fimctionahty as 
the protecting group. This species remains intact though the phosphoramidite monomer 
Tresis as lei! assuring oligonucleotide construction. These groups are not removed ^ 
I synthesized o.igo is deprotected using ammonia. After protection *e crude 
5 activated in situ via formation of an N-hydroxy succinimide ester (NHS^ster) using DCC as a 
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coupling agent. The DCU byproduct is filtered away and an amino alcohol is added. Many 
amino alcohols are commercially available some of which are derived from reduction of ammo 
acids Only the amine is reactive enough to displace N-hydroxy succinimide. Upon standard 
extractive workup, a 95% yield of product is obtained. This material is phosphitylated to 

5 generate the phosphoramidite monomer (Figure U). For the synthesis of additional e-tags a 
symmetrical bis-amino alcohol linker is used as the amino alcohol (Figure 12). As such, the 
second amine is then coupled with a multitude of carboxylic acid derivatives (exemplified by 
several possible benzoic acid derivatives shown in Figure 2) prior to the phosphitylation 
reaction Using this methodology hundreds, even thousands of e-tags with varying charge to 

10 mass ratios can easily be assembled during probe synthesis on a DNA synthesizer using 

standard chemistries. 

Alternatively e-tags are accessed via an alternative strategy that uses 5- 
aminofluorescein as s'tarting material (Figure 13). Addition of 5-aminofluorescein to a great 
excess of a diacid dichloride in a large volume of solvent allows for the predominant formation 
15 of the monoacylated product over dimer formation. The phenolic groups are not reactive under 
these conditions. Aqueous workup converts the terminal acid chloride to a carboxylic acid. 
This product is analogous to 6-carboxyfluorescein, and using the same series of steps is 
converted to its protected phosphoramidite monomer (Figure 13). There are many 
commercially available diacid dichorides and diacids, which can be converted to diacid 
20 dichlorides using SOCl 2 or acetyl chloride. This methodology is highly attractive in that a 
second mobility modifier is used. As such, if one has access to 10 commercial modified 
phosphoramidites and 10 diacid dichlorides and 10 amino alcohols there is a potential for 1000 
different e-tags. There are many commercial diacid dichlorides and ammo alcohols (Figure 
14) These synthetic approaches are ideally suited for combinatorial chemistry. 
25 A variety of maleimide-derivatized e-tags have also been synthesized. These 

compounds were subsequently bioconjugated to 5'-thiol adorned DNA sequences and subjected 
to the 5'-nuclease assay. The species formed upon cleavage are depicted in Figure 15. 

The eTag reporter may be assembled having an appropriate functionality at one end tor 
linking to the binding compound. Thus for oligonucleotides, one would have a 
30 phosphoramidite or phosphate ester at the linking site to bond to an oligonucleotide chain, 

either 5' or 3' particularly after the oligonucleotide has been synthesized, while still on a solid 
support and before the blocking groups have been removed. While other techniques exist for 
linking the oligonucleotide to the eTag reporter, such as having a functionality at the 
oligonucleotide terminus that specifically reacts with a functionality on the eTag reporter-, such 
35 as maleimide and thiol, or amino and carboxy, or amino and keto under reductive animation 
conditions, the phosphoramidite addition is preferred. For a peptide-binding compound, a 
variety of functionalities can be employed, much as with the oligonucleotide functionality, 
although phosphoramidite chemistry may only occasionally be appropriate. Thus, the 
functionalities normally present in a peptide, such as carboxy, amino, hydroxy and thiol may be 
40 the targets of a reactive functionality for forming a covalent bond. 

Of particular interest in preparing eTag reporter labeled nucleic acid binding 
compounds (e-tag probes) is using the solid support phosphoramidite chemistry to build the 
eTag reporter- as part of the oligonucleotide synthesis. Using this procedure, one attaches the 
next succeeding phosphate at the 5' or 3' position, usually the 5' position of the oligonucleotide 
45 chain The added phosphoramidite may have a natural nucleotide or an unnatural nucleotide. 
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Instead of phosphoramidite chemistry, one may use other types of linkers, such as thio analogs, 
amino acid analogs, etc. Also, one may use substituted nucleotides, where the mass-modifying 
region and/or the charge-modifying region may be attached to the nucleotide, or a hgand may 
be attached to the nucleotide. In this way, phosphoramidite links are added comprising the 
5 regions of the eTag reporter probe, whereby when the synthesis of the oligonucleotide chain is 
completed, one continues the addition of the regions of the eTag reperter to complete the 
molecule Conveniently, one would provide each of the building blocks of the different regions 
with a phosphoramidite or phosphate ester at one end and a blocked functionality, where the 
free functionality can react with a phosphoramidite, mainly a hydroxyl. By using molecules for 
1 0 the different regions that have a phosphoramidite at one site and a protected hydroxyl at another 
site, the eTag reporter probe can be built up until the terminal region, which does not require 
the protected hydroxyl. 

Illustrative of the synthesis would be to employ a diol, such as an alkylene diol, 
polyalkylene diol, with alkylene of from 2 to 3 carbon atoms, alkylene amine or poly(alkylene 
1 5 amine) diol, where the alkylenes are of from 2 to 3 carbon atoms and the nitrogens are 

substituted, for example with blocking groups or alkyl groups of from 1 - 6 carbon atoms, 
where one diol is blocked with a conventional protecting group, such as a dimethyltntyl group. 
This group can serve as the mass-modifying region and with the amino groups as the charge- 
modifying region as well. If desired, the mass modifier can be assembled using building blocks 
20 that are joined through phosphoramidite chemistry. In this way the charge modifier can be 
interspersed between within the mass modifier. For example, one could prepare a senes of 
polyethylene oxide molecules having 1, 2, 3 ... n units. Where one wished to introduce a 
number of negative charges, one could use a small polyethylene oxide unit and build up the 
mass and charge-modifying region by having a plurality of the polyethylene oxide units joined 
25 by phosphate units. Alternatively, by employing a large spacer, fewer phosphate groups would 
be present, so that without large mass differences, one would have large differences in mass-to- 
charge ratios. 

The chemistry that is employed is the conventional chemistry used in oligonucleotide 
synthesis, where building blocks other than nucleotides are used, but the reaction is the 
30 conventional phosphoramidite chemistry and the blocking group is the conventional 

dimethoxyltrityl group. Of course, other chemistries compatible with automated synthesizers 
can also be used, but there is no reason to add additional complexity to the process. 

For peptides, the e-tags will be linked in accordance with the chemistry of the linking 
group and the availability of functionalities on the peptide-binding compound. For example, 
35 with Fab' fragments specific for a target compound, a thiol group will be available for using an 
active olefin, e.g. maleimide, for thioether formation. Where lysines are available, one may use 
activated esters capable of reacting in water, such as nitrophenyl esters or pentafluorophenyl 
esters, or mixed anhydrides as with carbodiimide and half-ester carbonic acid. There is ample 
chemistry for conjugation in the literature, so that for each specific situation, there is ample 
40 precedent in the literature for the conjugation. 

For separations based on sorption, adsorption and/or absorption, the nature of the 
e-tag reporters to provide for differentiation can be relatively simple. By using 
differences in composition, such as aliphatic compounds, aromatic compounds and halo 
derivatives thereof, one may make the determinations with gas chromatography, with 
45 electron capture or negative ion mass spectrometry, when electronegative atoms are 
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present In this way one may use hydrocarbons or halo-substituted hydrocarbons as the 
e-tag reporters bonded to a releasable linker. See, U.S. Patent nos. 5,565,324and 
6,001,579, which are specifically incorporated by reference as to the relevant disclosure 
concerning cleavable groups and detectable groups. 

5 

E. Sets of e-tags n 
The libraries will ordinarily have at least about 5 members, usually at least about 10 
members, and may have 100 members or more, for convenience generally having about 50 - 75 
members Some members may be combined in a single container or be proved in individual 
,0 ^miners depending upon the region to which the mir is attached. The members of the library 
Se selected to plide clean separations in electrophoresis, when capillar electrophoresis 
is the analytical method. To that extent, mobilities will differ as described above, where the 
separations may be greater, the larger the larger the number of molecules in the band to be 
analyzed Particularly, non-sieving media may be employed in the separation 

Besides the nature of the linker, mobility modifer or mir, as already indicated, diversity 
can be achieved by the chemical and optical characteristics of the fluorescer, the use of energy 
^nsfer complex^ variation in the chemica, nature of the linker, which affects mob, hty, such 
as folding, interaction with the solvent and ions in the solvent, and the like. As already 
suggested the linker will usually be an oligomer, where the linker may be svnthes.zed on a 
20 support or produced by cloning or expression in an appropriate host. Conveniently 

po^eptides can be produced where there is only one cysteine or senne/threonine/tyrosine, 
Lpartic/glutamic acid, or lysine/arginine/histidine, other than an end group, so that there is a 
unique functionality which may be differentially functionalized. By ^V^.™* 
one can distinguish a side chain functionality from a terminal amino acid funct.onahty. Also, 
25 by appropriate design, one may provide for preferential reaction between the same 

funcTonalities present at different sites on the linking group Whether one uses synthesis or 
cloning for preparation of oligopeptides, will to a substantial degree depend on the length of the 

lmker ' Dependmg upon the reagent to which the e-tag is attached, there may be a single e-tag 
30 or a plurality of e-tags, generally ranging from about 1 - 100, more usually ranging from about 
r^morlparticuLyrangingfromaboutl-IO. The number of e-tags bonded to a single 
target-binding region will depend upon the sensitivity required, the solubility of the e-tag 
conjugate, the effect on the assay of a plurality of e-tags, and the like. For oligomers or 
polymers, such as nucleic acids and poly(amino acids), e.g. peptides and prote.ns, one may 
35 have one or a plurality of e-tags, while for synthetic or naturally occurring non-ol.gomenc 
compounds, usually there will be only 1 - 3, more usually 1 - 2 e-tags. 

For 20 different e-tag reporters, one only requires 5 different mass-modifying regions 
one phosphate link and four different detectable regions. For 120 e-tag reporters, one need onhy 
have 10 different mass-modifying regions, 3 different charge-modifying regions and 4 different 
40 detectable regions. For 500 different e-tag reporters, one need only have 25 different mass- 
modifying regions, 5 different charge-modifying regions and 4 different detectable regions. 

TT 1 Methods f™" I Tse of ti> *-t*p Technology 

The methodologies that may be employed involve heterogeneous and homogeneous 
45 techniques, where heterogeneous normally involves a separation step, where unbound label is 
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separated from bound label, where homogeneous assays do not require, but may employ, a 
separation step One group of assays will involve nucleic acid detection, which includes 
S^S^ Vd^ and scoring, transition analysis, allele *—™> 
hZ A determinations, or other determination associated with variations in sequence. The use of 
the determination may be forensic, mRNA determinations, mutation determinations, allele 
determinations, MHC determinations, haplotype determinations, single nucleotide 
polymorphism determinations, etc. The methodology may include assays dependent on 5 - 
nuclease activity, as in the use of the polymerase chain reaction or m Invader techno logy 3 - 
nuclease activity, restriction enzymes, or ribonuclease H. All of these mertiods invol ving 
) "Lytic cleavage of a phosphate linkage, where one to two oligonucleotides are bound to the 

^ ^aStion, the subject heterogeneous assays require that the unbound labeled reagerrf 
be separable from the bound labeled reagent. This can be achieved in a variety of ways. Each 
™uires that a reagent bound to a solid support that distinguishes between the complex of 
5 rel^Jentandtarget. The sohd support may be a vessel wall, e.g. ~- eU plate 
well, capillary, plate, slide, beads, including magnetic beads, h ^ GS ^l^ n ^ e<i 
primary characteristics of the solid support is that it permits segregation of the bound labeled 
spelf* binding member from unbound probe, and that the support does not interfere with the 

formation of the binding complex, nor the other operations of the determination. 

formatio ^ ^ ^ ^ bound tQ ^ rt p or 

directly bound, one may have the binding member ore-tag probe covalently or non-covalently 
bound to the support For proteins, many surfaces provide nonstable binding of a protein 
to he upport, so'that one adds the protem to the support and allows the protein to bind, washes 
lay weakly bound protem and then adds an innocuous protein to coat any actrve ^.ndmg 
25 a^thatarestUlavaUable. The surface may be activated with various 

form covalent bonds with a binding member. These groups may include immo hahdes, 
activated carboxyl groups, e.g. mixed anhydrides or acyl halides, ammo groups, a-halo or 
Z^oL'J The specie binding member bound to the surface o^ = y 
be any molecule that permits the binding portion of the molecule, e.g. epitope, to be available 
30 for binding bv the reciprocal member. Where the binding member is polyepitopic, e.g. 

proteins, this'.s usually less of a problem, since the protem will be po, f^f™^ 
random binding of the protein to the surface, the desired epitope w,U be avail* e for most of 
A bound molLles. For smaller mo.ecu.es, particularly under 5kDal, one will usually have 
an active functionality on the specific binding member that preserves the bmdmg £te where 
35 the active functionality reacts with a functionality on the surface of the support. The same 

functionalities described above may find use. Conveniently, one may use the ™«***^ 
preparing the conjugate immunogen to produce antibodies as the site for the active funct.onahty 

for linking to the surface. . . 

Instead of nucleic acid pairing, one may employ specific binding member pairing 

40 There are a large number of specific binding pairs associated with receptors, such as antibod.es, 
poly- and monoclonal, enzymes, surface membrane receptors, lectins, etc., and ligands for the 
receptors, which may be naturally occurring or synthetic molecules, protein or non-protein, 
such as drugs, hormones, enzymes, ligands, etc. The specific binding pair has many 
similarities to the binding of homologous nucle.c acids, significant differences be.ng that one 

45 normally cannot cycle between the target and the agent and one does not have convenient 
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phosphate bonds to cleave. For heterogeneous assays, the binding of the specific binding pair 
is employed to separate the bound from the unbound e-tag bonded agents, while with 
homogeneous assays, the proximity of the specific binding pairs allow for release of the e-tags 
from the complex. For an inclusive but not exclusive listing of the various manners in which 
5 the subject invention may be used, the following Tables 3 and 4 are <Hs provided-** 

Once the binding compound (target binding moiety) conjugated with the e-tag has been 
prepared, it may find use in a number of different assays , many of which have already boon 
diseassed. The samples may be processed using lysis, nucleic acid separation from proteins 
and lipids and vice versa, and enrichment of different fractions. For nucleic acid related 
10 determinations, the source of the DNA may be any organism, prokaryotic and eukaryotic cells, 
tissue, environmental samples, etc. The DNA or RNA may be isolated by conventional means, 
RNA may be reverse transcribed, DNA may be amplified, as with PCR, primers may be used 
with capture ligands for use in subsequent processing, the DNA may be fragmented using 
restriction enzymes, specific sequences may be concentrated or removed using homologous 
1 5 sequences bound to a support, or the like. Proteins may be isolated using precipitation, 
extraction, and chromatography. The proteins may be present as individual proteins or 
combined in various aggregations, such as organelles, cells, viruses, etc. Once the target 
components have been preliminarily treated, the sample may then be combined with the e-tag 
reporter targeted binding proteins. 
20 For a nucleic acid sample, after processing, the probe mixture of e-tags for the target 

sequences will be combined with the sample under hybridization conditions, in conjunction 
with other reagents, as necessary. Where the reaction is heterogeneous, the target-binding 
sequence will have a capture ligand for binding to a reciprocal binding member for 
sequestering hybrids to which the e-tag probe is bound. In this case, all of the DNA sample 
25 carrying the capture ligand will be sequestered, both with and without e-tag reporter labeled 
probe. After sequestering the sample, and removing non-specifically bound e-tag reporter 
labeled probe under a predetermined stringency based on the probe sequence, using washing at 
an elevated temperature, salt concentration, organic solvent, etc., the e-tag reporter is released 
into an electrophoretic buffer solution for analysis. 
30 As indicated in Tables 3_, for amplification one may use thermal cycling. Tables 3 and 

4. summarize various aspects of bindin g ««mvs (solution nha.se e-tag generation followed by 

^ration hv CE. HPLC ««« T^ ra > anri ™"ltiplexed «*savs (2-1000) leading to release of 

a library of e-tags. where every p.-ia p codes for a unique bindi ng event or assay. The cleavage 
of the nucleic acid bound to the template results in a change in the melting temperature of the 
35 e-tag residue with release of the e-tag. By appropriate choice of the primer and/or protocol, 
one can retain the primer bound to the template and the e-tag containing sequence can be 
cleaved and released from the template to be replaced by an e-tag containing probe. 
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Table 3. Bindina Assays 


; And Multiplexed Assays 


Amplification! Mode 


e-tag Release 


Formats 
[Multiplexed assays ! 

Sequence recognition for 
example for multiplexed 
gene expression, snp's 
scoring etc 


Recognitions Event 
Solution hybridization 
followed by enzyme recognition 


PCR, Invader 


5' nuclease 
3' nuclease 
Restriction 
enzyme 

Ribonuclease H 


Solution hybridization 
followed by channeling 


Amplification due to 
turnover of e-tag binding 
moiety; OR 

amplification due to release 
oi muiupie e-idgb \iv «j 
100,000) per binding event 


Singlet Oxygen 
C0 2 ) 

Hydrogen 
Peroxide (H 2 0 2 ) 

Light, 

energy transfer 


Patches in microfluidic 
channels - 
integrated assay and 
separation 
device 


Target captured on solid surface; 
e-tag probe mixture hybridized to 
target; unbound probes removed; 
e-tag reporter is released, separated 
and identified. 


Amplification from release 
of multiple e-tag reporters 
(10 to 100,000) per probe 


Light, enzyme, 

'0 2 , 

H 2 0 2 , Fluoride, 
reducing agent, 
MS. others 



T*hte 4 Tmmunoassavs __ 




Foraiat 


Recognition! Event 


Amplification Mode 


e-tag Release j 


[Proteomics 5 

Multiplexed i 
Immunoassays c 
( 


sandwich assays ^ 
\ntibody-l decorated with i 
sensitizer while antibody-2 is 
iecorated with singlet oxygen t 
;leavable e-tags 
Competition assays 
Antibody- 1 decorated with 
Sensitizer while antibody-2 is 
decorated with singlet oxygen 
cleavable e-tags 


\ few (2-10) e-tags I 
eleased per binding event ( 

3R 

Amplification from 
release of multiple 
e-tags (10 to 100,000) per 
binding event 


Singlet Oxygen 

:*o 2 ) 


Sandwich assays 

Antibody- 1 decorated with Glucose 
oxidase w hile antibody-2 
is decorated with hydrogen 
peroxide cleavable e-tags 
Competition assays 
Antibody-1 decorated with Glucose 
oxidase while antibody-2 is 
decorated with hydrogen peroxide 
cleavable e-tags 


Hydrogen Peroxide 
(H 2 0,) 


Patches in microfluidic 
channels; 

integrated assay and 
separation device 


Sandwich assays 
Antibody-1 is attached to a solid 
surface while antibody-2 is 
decorated with cleavable e-tags 
Competition assays 
Antibody-1 is attached to a solid 
surface while antibody-2 is 
decorated with cleavable e-tags 


Light; Enzymes, 
singlet oxygen, 
hydrogen peroxide 
fluoride, reducing 
agents, mass spectra, 
others 
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The assays may be performed in a competitive mode or a sandwich mode. In the 

complex formation or atter, e.g. wncic j sunoort In this mode, 

may be m 2 to 10 fold excess or grace J ixture ig incubated , the 

molecules will depend on the binding affinity, the length ot t 

wasnmg me u wachine by filtration, centnfugation, magnetic 

he separa.eC from the •*"^ b ££^^^ wrth a „ q „.d ,»«c which the e- B g 

label, followed by or preceded by release. Depenai g for 
wLeL Ceavab.e h^e ,s ph«o ,ah„e, *e support ^ he — £ ^ 
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arnuDs mav be removed stepwise and the labels aoaea siepwi^ 

groups may oe w detecta ble label present mitially or one adds the 

initial electrophoretic separatum, and the like. ™™>™°V- „ mrt . bmdm ,, ^ion for 
have a capture ligand bound to the e-tag or ^^Tt^^t fte mtore Once the 
bating the e-tag probe, so as to remove ^ " o * £ the sollltio „ may 

Lcrofluidic devtces or other devices that can separate a plurahty of compounds 

ra aTLyre molecu,e and an e-tag labeled binding member that ,s not bound ,0 *e same 

TeSy *e concentrations of me various agents mvolved w,th the s.gnal producing 
system "uvTr/w^^^^ 

analyzed, generally bemg m the range of about! » » - * ^^.on of each 
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One may also use the subject M. of e-tags .o analyze the 3 
phtrality of drfferen, compounds. For cample, one ^prepare i.^ 

.abeled with au e-tag, where the ^™ » "^""^td „se in detaining M 
betweentheprodudaudthestamugmaenal. For example, with 

groups or preferred substtates for hydrops, ^change to mobihty of 

kinases and phosphatases, oue adds or removes a ^ ^^^ ^ 8 determiri e ^.c 

^tor.uteamouutof product 

"^n determ,na.,ons involving nucleic acids, since snp detection is, for the most part, the 

Pr0t0C ° For protcns, to protoco.s will be and w«l be described 

independently of the SNP protocols. ..... . 

reagents, and subjectingto mUture to conditions 

5 Such conditions depend on to nature of the '•^^^"^ M ^ tm y-T 
LCR, NASBA, 3SR and so forth, where to «7^*"^£ h * strands or as to only a 
nnCe.se activny. The extension re.ct.on may b^n»d - W ^ 
single strand. Where pairs of primer and SNP d f« OT ^ ,„ m situatio n, 0 „ e 

conveniently, to e-tag will be to same bu, to would obtain 

,0 may wish to have a cleavable linkage to toUse,, » * fe ^ too high , one 

to same e-tag. Alternatively, if to number of SNPr to * 
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denature the double-stranded DNA, cooled, where the primer and snp detection sequence can 
rehvbridize and the extension be repeated. 

Reagents for conducting the primer extension are substantially the same reaction 
materials for carrying out an amplification, such as an amplification indicated above^ The 
ratretdl^Tof these reagents are dependent on the type of amplification conducted. In 
"t oligonucleotide primers, the reagents also comprise nucleoside tnphosphates and a 
nucleotide oolvmerase having 5'-3' nuclease activity. 

nucleotides^ &g reag£nts in an arnpliflcatlo „ reaction mclude 

deoxyribonucleoside triphosphates such as the four common deoxyribonucleoside 
• u u * a ATP ACTV dGTPanddTTP. The term "nucleoside triphosphates also 

recognized and polymerized in a similar manner to the underivatized nucleoside tiiphosphates. 

The nudeoLe polymerase employed is a catalyst, usually an enzyme, for forming an 
extens J of an oligonucleotide primer along a polynucleotide such as a DNA template, where 

5 ntensioniscomplementarythereto. The nucleotide polymerase 

polynucleotide polymerase and utilizes nucleoside triphosphates as budding blocks for 
SeXg the 3'-end of a polynucleotide to provide a sequence complementary with the 
^nucleotide template. Usually, the catalysts are enzymes such as DNA polym.a Ses , for 
example prokaryotic DNA polymerase (1, II, or III), T4 DNA polymerase, T7 DNA 

•0 Z ym. ase, Vent DNA polymerase, Pfu DNA polymerase, To, DNA polymerase, and the , W» 
Pofymerase enzymes may be derived from any source, such as eukaryotic or V-^f^ 
bacteria suchT*. coli, plants, anima.s, virus, thermophilic bacteria, genetically modified 

25 in the art In a number of amplification procedures, thermal cycling conditions as ^cussed 
a^ve-employedtoamplifythepolynucleotides. The combination of reagents ,s subjeced 
to conditions under which the oligonucleotide primer hybridizes to the priming sequence of 
Ind is exuded along, the corresponding polynucleotide. The exact temperatures can be var*d 
dependtg on the J concentration, P H, solvents used, length of and composition of the target 
30 polynucleotide sequence and the oligonucleotide primers invo i vine 
Thermal cycling conditions are employed for conducting an amplification involvmg 
temperature or thermal cycling and primer extension such as in PGR or single primer 
arTplification, and the like. The pH and the temperature are selected so as to cause, either 
simultaneously or sequentially, dissociation of any internally hybridized sequences, 
35 hyl lationor annling of the oligonucleotide primer and snp detection sequence w th the 
target polynucleotide sequence, extension of the primer, release of the e-tag reporter from snp 
detection sequence bound to the target polynucleotide sequence and ^^ f ^ 
extended primer. This usually involves cycling the reaction medium between two or more 
C^e, In conducting suchamethod, the medium -^"^-^ m 
40 temperatures. The temperatures for thermal cycling generally range from about 5 C to , 00 
°C more usually from about 60 °C to 95 °C. Relatively low temperatures of from about 30 C 
to aZt 65 °C can be employed for the extension steps, while denaturation and hybridan 
1 be carried out at a temperature of from about 50 °C to about 105 °C. The reaction medium 
Hnh a y^ about 20 *C to about 45 °C, preferably, about 25 °C to about 35 -C Relatively 
45 lor lmperatures of from about 50 °C to about 80 °C, preferably, 50 °C to about 60 °C, are 
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employed for the hybridization or annealing steps, while denaturation is carried out at a 
tZoeratureoffrom about 80 °C to about 100 °C, preferably, 90 °C to about 95 C and 
SSS carried out at a temperature of from about 

°C to about 74 °C The duration of each cycle may vary and is usually about 1 to 120 seconds 
about 5 to 60 seconds for the denaturation steps, and usually about 1 to 1 5 seconds, 
P f ab v abou o 5 seclds, for the extension steps. It is to be understood that the actual 

^^fzi::J:z^ ^ ^ « ***** <> : 

conducted and are well within the knowledge of those skilled .n the art 

conducted and a fa employed . other polar co-solvents may also be 

employ^u-ny oxygenated organic solvents of from 1-6, more usually from 1-4 carbon 
atomfSluding alcohols, ethers, formamide and the like. Usually, these J*" 8 * 
iTpresl in less than about 70 weight percent, more usually in less than about 30 weight 

PerCCnt ' The P H for the medium is usually in the range of about 4.5 to 9.5 more usually in the 
range of abo* 5.5 to 8.5, and preferably in the range of about 6 to 8. Vanous buffers may be 
Ted to achil the desired pH and maintain the P H during the determination. 
buffers kchl Late, phosphate, carbonate, Tris, barbital and the like. The particular buffer 
buffers P . s . nvention but fa individual methods one buffer may be preferred 

^ ^ ^ gently be employed in the methods in accordant 
with the £Z Lentil For example, in addition to buffers and salts, the medium may also 
T^pri e Szers for the medium and the reaction component, Frequent y, the medium 
may aLo nclude proteins such as albumins, quaternary ammonium salts, polycations such as 
Z«X ZJL. particularly non-ionic surfactants, binding enhancers, e.g., polyalkylene 

glyC ° 1S 'T^^ 

of each of the polynucleotides suspected of being present as discussed ^G^, the 
time period for conducting the entire method will be from about 10 to 200 minutes. As 
mentioned above, it is usually desirable to minimize the time P«°* emDirically 
The concentration of the nucleotide polymerase .s usually determined empinca ly. 
Preferabl, a concentration is used that is sufficient such that the amplification is robust The 
primary Lting factor generaUy is the cost of the reagent. ^^^^L 
nolvmerase (native and recombinant) from Stratagene, La Jolla, CA, UlTma DNA polymerase 

Madison WI Vent DNA polymerase from New England Biolabs, Beverly, MA, Th DNA 
P^ym^om Promega'corp., Madison, WI, and /Vo DNA polymerase from Boehnnger 
Mannheim Indianapolis, IN, and the like. 

Z initial Lenta, of each of the polynucleotides — g the 
» target-binding moiay for the urge. snps can be as low as about 50 pg/uL m a samp^ After 
amplification fthe co.centra.ion of each polynucleotide shou d be at leas, abo* pM, 
•enerallv in the range of abort 10 pM loabout 10 nM, usually from about 10 to 10 more 
u ua^wU aboutlo' to 10' molecules in a sample, preferably a, leas, 10 " M ,n *e sample 
.rly be 10 " to 10"»M, more usually 10"< ,0 10'"M. In genera, the reagents for me 
,5 realZare provided in amoums ,0 achieve extension of the oligonuclecttde pnmers. 
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The concentration of the oligonucleotide primer(s) will be about 1 to about 20 uM and 
is usually about 1 to about 10 pM, preferably, about 1 to about 4 uM, for a sample size that is 
about 10 fM Preferably, the concentration of the oligonucleotide primer(s) is substantially in 
excess over, preferably at least about 10 7 to about 10 10 times greater than, more preferably, at 
least about 10 9 times greater than, the concentration of the corresponding target 

polynucleotides^ ^ oligonucleotide pro bes will be 10 to about 500 nM and is usually 
about 50 to about 200 nM for a sample size that is about 10 fM. Preferably, the concentration 
of the oligonucleotide probes is substantially in excess over, preferably at least about 10 times 
, greater than, more preferably, at least about 10* times greater than, the concentration of each of 
the target polynucleotides. 

The concentration of the nucleoside triphosphates in the medium can vary widely; 
preferably, these reagents are present in an excess amount. The nucleoside triphosphates are 
usually present in about 10 uM to about 1 mM, preferably, about 20 to about 400 uM. 
5 The order of combining of the various reagents to form the combination may vary. 

Usually, the sample containing the polynucleotides is combined with a pre-prepared 
combination of nucleoside triphosphates and nucleotide polymerase. The oligonucleotide 
primers and the SNP detection sequences may be included in the prepared comb,nat,on or may 
be added subsequently. However, simultaneous addition of all of the above, as well as other 
0 step-wise or sequential orders of addition, may be employed provided that all of the reagents 
described above are combined prior to the start of the reactions. The oligonucleotide pairs may 
be added to the combination of the reagents at or prior to initiation of the primer extension 
reaction and may be replenished from time-to-time during the primer extension reaction. 

For quantitation, one may choose to use controls, which provide a signal in relation to 
-5 the amount of the target that is present or is introduced. Where one is dealing with a mixture of 
nucleic acid molecules, as in the case of mRNA in a lysate, one may use the known amounts of 
one or more different mRNAs in the particular cell types as the standards. Desirably, one 
would have at least two controls, preferably at least 3 controls, where the variation in number 
between any two controls is at least about 10 2 , and the total range is at least about 10 , usually 
30 at least about 10 4 . However, determining the consistent ratio of mRNAs occurring naturally 
will may result in a large margin of error, so that one would usually rely on synthetic targets as 
the control. Where a control system is added for quantitation, as compared to relying on the 
presence of a known amount of a plurality of endogenous nucleic acids, the control system will 
comprise at least two control sequences, usually at least 3 control sequences and generally not 
35 more than about 6 control sequences, where the upper limit is primarily one of convenience and 
economy, since additional control sequences will usually not add significant additional 
precision The control sequences will usually be at least about 50 nucleotides, more usually at 
least about 100 nucleotides. The control sequences will have a common primer sequence and 
different control detection sequences, which are intended to parallel the primer sequence and 
40 SNP detection sequence in size, spacing and response to the primer extension conditions. In 
carrying out the primer extension reaction with sample nucleic acid, one would then add 
different number of molecules of the different control sequences, so that one could graph the 
result to give a signaVnumber relationship. This graph could then be used to relate signals 
observed with target molecules to the number of molecules present. 
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As exemplary of the subject invention, four target polynucleotides Tl, T2, T3 and T4 
are employed. Oligonucleotide primers PR1, PR2, PR3 and PR4 are employed, each 
respectively capable of hybridizing to a sequence in the respective target polynucleotides. Also 
employed are four oligonucleotide snp detection sequences, PB1, PB2, PBS and PB4. Each of 
5 the snp detection sequences comprises a fluorescent label Fl, F2, F3 and F4, respectively. In 
this example, there is a mismatch between PB2 and T2, which comprises a single nucleotide 
polymorphism. The reaction medium comprising the above reagents and nucleoside 
triphosphates and a template dependent polynucleotide polymerase having 5' to 3' exonuclease 
activity is treated under amplification conditions. Primers PR1, PR2, PR3 and PR4 hybridize 
10 to their respective target polynucleotides and are extended to yield extended primers EPR1, 
EPR2 EPR3 and EPR4. snp detection sequences PB1, PB3 and PB4, which hybridize with 
their respective target polynucleotides, are acted upon by the exonuclease to cleave a single 
nucleotide bearing the respective fluorescent label. PB2, which does not bind to the target 
polynucleotide, is not cleaved. Cleaved fragments Fl, F3 and F4 are injected into a separation 
15 channel in a chip for conducting electroseparation. The labels are identified by their specific 
mobility and fluorescence upon irradiation. The separated labels are related to the presence 
and amount of the respective target polynucleotide. 

The selection of the snp detection or other target binding sequence will affect the 
stringency employed during the primer extension, particularly at the stage of hybridization. 
20 Since in a substantial number of samples, the DNA will be heterozygous for snps\ rather than 
homozygous, one does not wish to have false positives, where the snp detection sequence may 
bond to the sequence comprising the prevalent nucleotide, as well as the sequence comprising 
the snp. Where the DNA sample is homozygous for the prevalent sequence, it is also important 
that the snp detection target binding sequence does not bind to give a false positive. Therefore, 
25 the difference in T m between the sap-target containing sequence and the wild-type sequence 
will usually be at least about 3°C, more usually at least about 5°C, under the conditions of the 
primer extension. 

in nno. ^em plarv protocol, the tagged snp detection sequence will be chosen to bind to 
the target sequence comprising the snp. The length of the snp detector sequence is in part 
30 related to the length and binding affinity of the primer. The two sequences act together to 

ensure that the pair of reagents bind to the proper target sequence. The greater the fidelity of 
binding of one member of the pair, the less fidelity that is required for the other member of the 
pair Since the observed signal will be dependent upon both members of the pair being present, 
each member serves as a check on the other member for production of the signal. However, 
35 since except for the cost, it is relatively easy to make reasonably long oligonucleotides, usually 
both members of the pair will uniquely hybridize to their respective target sequences. 
Therefore, the length of the snp detector sequence will come within the parameters indicated 
for the primer, but the total number of bases for the two pair members will usually be at least 
36, more usually at least about 40. 
40 Depending on the protocol, an e-tag reporter will be separated from a portion or 

substantially all of the detection sequence, usually retaining not more than about 3 nucleotides, 
more usually not more than about 2 nucleotides and preferably from 0 to 1 nucleotide. By 
having a cleavable linker between the e-tag and the detection sequence, the e-tag reporter may 
be freed of all the nucleotides. By having a nuclease-resistant penultimate link, a single 
45 nucleotide may be bonded to the e-tag. 
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Each snp detection sequence will have at least one nucleotide modified with an 
electrophoretic tag, which is fluorescent or can be subsequently made fluorescent, or can be 
detected electrochemically or by other convenient detection methodologies. Usually, the 
modified nucleotide will be at the 5'-end of the sequence, but the modified nucleotide may be 
5 anywhere in the sequence, particularly where there is a single nuclease susceptible linkage in 
the detection sequence. Since the determination is based on at least partial degradation of the 
snp detector sequence, having the modified nucleotide at the end ensures that if degradation 
occurs, the electrophoretic tag will be released. Since nucleases may clip at other than the 
terminal phosphate link, it is desirable to prevent cleavage at other than the terminal phosphate 
10 link In this way one avoids the confusion of having the same electrophoretic tag joined to 
different numbers of nucleotides after cleavage. Cleavage at the terminal phosphate can be 
relatively assured by using a linker that is not cleaved by the nuclease, more particularly having 
only the ultimate linkage susceptible to hydrolysis by a nuclease. For example, one may use a 
thiophosphate, phosphinate, phosphoramidate, or a linker other than a phosphorous acid 
1 5 derivative, such as an amide, boronate, or the like. The particular hydrolase resistive linker will 
be primarily one of synthetic convenience, so long as degradation of the binding affimty is not 
sacrificed. If desired, all of the linkers other than the ultimate linker may be resistant to 
nuclease hydrolysis. 

One, usually a plurality, of snp's, is simultaneously determined by combining target 
20 DNA with one or a plurality, respectively, of reagent pairs under conditions of primer 

extension. Each pair of reagents includes a primer which binds to target DNA and a snp 
detection sequence, normally labeled, which binds to the site of the snp and has an e-tag, 
usually at its 5'-end and the base complementary to the snp, usually at other than a terminus of 
the snp detection sequence. The conditions of primer extension employ a polymerase having 
25 5'-3' exonuclease activity, dNTP's and auxiliary reagents to permit efficient primer extension. 
The primer extension is performed, whereby detector sequences bound to the target DNA are 
degraded with release of the e-tag. By having each snp associated with its own e-tag, one can 
determine the snp's, which are present in the target DNA for which pairs of reagents have been 

provided. . 
30 The pairs of reagents are DNA sequences which are related to a snp site. The primer 

binds to the target DNA upstream from the snp site in the direction of extension. The labeled 
detector sequence binds downstream from the primer in the direction of extension and b.nds to 
a sequence, which includes the snp. The primer sequence will usually be at least about 12 
bases long, more usually at least 18 bases long and usually fewer than 100 bases, and more 
35 usually fewer than 60 bases. The primer will be chosen to bind substantially uniquely to a 

target sequence under the conditions of primer extension, so that the sequence will normally be 
one that is conserved or the primer is long enough to bind in the presence of a few mismatches, 
usually fewer than about 10 number % mismatches. By knowing the sequence, which is 
upstream from the snp of interest, one may select a sequence, which has a high G-C ratio so as 
40 to have a high binding affinity for the target sequence. In addition, the primer should b.nd 
reasonably close to the snp, usually not more than about 200 bases away, more usually not 
more than about 1 00 bases away, and preferably within about 50 bases. Since the farther away 
the primer is from the snp, the greater amount of dNTPs that will be expended, there will 
usually be no advantage in having a significant distance between the primer and the snp 
45 detection sequence. Generally, the primer will be at least about 5 bases away from the snp. 
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The complementary base to the snp may be anywhere in the detector s e< l uence ' 
desirably at other than the terminal nucleoside to enhance the fidelity of binding The SNP 
detector sequence will be designed to include adjacent nucleotides, which provide the desired 
affinity for the hybridization conditions. The SNP detection sequence may be * 
5 any convenient means, such as described in Matthews, et al., Anal. Biochem. (1988) 169.1 - 
25- Keller et al "DNA Probes," 2 nd edition (1993) Stockton Press, New York, NY; and 
Wetmur Critical Reviews in Biochemistry and Molecular Biology (1991) 26:227 - 259. 

The number of reagent pairs may be varied widely, from a single pair to two or more 
pairs usually at least about 5 pairs, more usually at least about 9 pairs and may be 20 pairs or 
10 more' By virtue of the use of different e-tags, which have different mobilities and are readily 
resolvable under conventional capillary electrophoretic conditions, the subject pairs may be 
used to perform multiplexed operations in a single vessel, where a family of SNPs may be 
identified. Usually, the total number of different reagent pairs or different target sequences in a 
single determination will be under 200, more usually under 100 and in many cases will not 

15 exceed 50. 

R The Tnvadfir™ Reactio n in Nucleic Acid Analyses 

In one SNP determination protocol, the primer includes the complementary base of the 
SNP This protocol is referred to as Invader™ technology, and is described in U.S. Patent no. 
6 001 567 The protocol involves providing: (a) (i) a cleavage means, which ,s normally an 
20 enzyme, referred to as a cleavase, that recognizes a triplex consisting of the target sequence, a 
primer which binds to the target sequence and terminates at the SNP position and a labded 
probe that binds immediately adjacent to the primer and is displaced from the target at the SNP 
position, when a SNP is present. The cleavase clips the labeled probe at the site of 
displacement, releasing the label, (ii) a source of target nucleic acid, the target nucleic acid 
25 having a first region, a second region and a third region, wherein the first region is *™«™ 
from the second region and the second region is contiguous to and downstream from tiie third 
region and (iii) first and second oligonucleotides having 3' and 5' portions, wherein the 3 
portion of the first oligonucleotide contains a sequence complementary to the third region of 
the target nucleic acid and the 5' portion of the first oligonucleotide and the 3 portion of the 
30 second oligonucleotide each contain sequences usually fully complementary to the second 
region of the target nucleic acid, and the 5' portion of the second oligonucleotide contains 
sequence complementary to the first region of said target nucleic acid; (b) mixing, in any 
order, the cleavage means, the target nucleic acid, and the first and second oligonucleotides 
under hybridization conditions that at least the 3' portion of the first oligonucleotide is annealed 
35 to the target nucleic acid and at least the 5' portion of the second oligonucleotide is annealed to 
any target nucleic acid to from a cleavage structure, where the combined melting temperature 
of the complementary regions within the 5' and 3' portions of the first oligonucleotide when 
annealed to the target nucleic acid is greater than the melting temperature of the 3 portion of 
the first oligonucleotide and cleavage of the cleavage structure occurs to generate labeled 
40 products; and (c) detecting the labeled cleavage products. 

Thus, in an Invader assay, attachment of an e-tag to the 5' end of the detector sequence 
results in the formation of an e-tag-labeled nucleotide when the target sequence is present. The 
e-tag labeled nucleotide is separated and detected. By having a different e-tag for each nucleic 
acid sequence of interest, each having a different electrophoretic mobility, one can readily 
45 determine the SNPs or measure multiple sequences, which are present m a sample. The e-tags 
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may require further treatment, depending on the total number of snps or target sequences being 

detected. 

C. Fluorescent Quenching 

If desired the SNP detection e-tae probe may have a combination of a quencher and a 
fluorescer In this instance the fluorescer would be in proximity to the nucleoside to which the 
linker is bonded, as well as the quencher, so that in the primer extension mixture, fluorescence 
from fluorescer bound to the SNP detection sequence would be quenched. As the reaction 
proceeds and fluorescer is released from the SNP detection sequence and, therefore, removed 
fromthequencher.itwouldthenbecapableoffluorescence. By monitoring the primer 
extension mixture for fluorescence, one would be able to determine when there would probably 
be a sufficient amount of individual e-tags to provide a detectable signal for analysis, hi this 
way one could save time and reagent by terminating the primer extension reaction at the 
appropriate time. There are many quenchers that are not fluorescers, so as to minimize 
fluorescent background from the SNP detection sequence. Alternatively, one could take small 
1 5 aliquots and monitor the reaction for observable detectable e-tag reporters. 
n Analysis of Reaction Products 

The separation of the e-tag reporters by electrophoresis can be performed in 
conventional ways. See, for example, U.S. Patent Nos. 5,750,015, 5,866,345, 5,935,401 
6 103 199 and 6 1 10 343, and W098/5269, and references cited therein. Also, the sample can 
20 be prepared for mass spectrometry in conventional ways. See, for example, U.S. Patent Nos. 
5,965,363, 6,043,031, 6,057,543, and 6,111,251. 

After completion of the primer extension reaction, either by monitoring the change 
in fluorescence as described above or taking aliquots and assaying for total free e-tags, the 
mixture may now be analyzed. Depending on the instrument, today from one to four 
25 different fluorescers activated by the same light source and emitting at different detectable 
labels may be used. With improvements, five or more different fluorescers will be 
available, where an additional light source may be required. Electrochemical detection is 
described in U.S. Patent No. 6,045,676. 

The presence of each of the cleaved e-tags is determined by the label. The 
30 separation of the mixture of labeled e-tag reporters is typically carried out by 

electroseparation, which involves the separation of components in a liquid by application of 
an electric field, preferably, by electrokinesis (electrokinetic flow) electrophoretic flow, or 
electroosmotic flow, or combinations thereof, with the separation of the e-tag reporter 
mixture into individual fractions or bands. Electroseparation involves the migration and 
35 separation of molecules in an electric field based on differences in mobility. Various forms 
of electroseparation include, by way of example and not limitation, free zone 
electrophoresis, gel electrophoresis, isoelectric focusing and isotachophoresis. Capillary 
electroseparation involves electroseparation, preferably by electrokinetic flow, including 
electrophoretic, dielectrophoretic and/or electroosmotic flow, conducted in a tube or channel 
40 of about 1-200 micrometer, usually, about 10-100 micrometers cross-sect.onal dimensions. 
The capillary may be a long independent capillary tube or a channel in a wafer or film 
comprised of silicon, quartz, glass or plastic. 

In capillary electroseparation, an aliquot of the reaction mixture containing the e-tag 
products is subjected to electroseparation by introducing the aliquot into an 
45 electroseparation channel that may be part of, or linked to, a capillary device in which the 
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amplification and other reactions are performed. An electric potential is then applied to the 
electrically conductive medium contained within the channel to effectuate migration of the 
components within the combination. Generally, the electric potential applied is sufficient to 
achieve electroseparation of the desired components according to practices well known in 
5 the art. One skilled in the art will be capable of determining the suitable electric potentials 
for a given set of reagents used in the present invention and/or the nature of the cleaved 
labels, the nature of the reaction medium and so forth. The parameters for the 
electroseparation including those for the medium and the electric potential are usually 
optimized to achieve maximum separation of the desired components. This may be 
1 0 achieved empirically and is well within the purview of the skilled artisan. 

For a homogeneous assay, the sample, e-tag -labeled probe mixture, and ancillary 
reagents are combined in a reaction mixture supporting the cleavage of the linking region. The 
mixture may be processed to separate the e-tag reporters from the other components of the 
mixture. The mixture, with or without e-tag reporter enrichment, may then be transferred to an 
1 5 electrophoresis device, usually a microfluidic or capillary electrophoresis device and the 

medium modified as required for the electrophoretic separation. Where one wishes to remove 
from the separation channel intact e-tag reporter molecules, a ligand is bound to the e-tag that is 
not released when the e-tag reporter is released. Alternatively, by adding a reciprocal binding 
member that has the opposite charge of the e-tag reporter, so that the overall charge is opposite 
20 to the charge of the e-tag reporter, these molecules will migrate toward the opposite electrode 
from the released e-tag reporter molecules. For example, one could use biotin and streptavidm, 
where streptavidin carries a positive charge. In the case of an oligonucleotide, the e-tag 
reporter would be bonded to at least two nucleotides, where cleavage occurs between the two 
nucleotides with release of the e-tag reporter, with the terminal nucleotide of the dinucleotide 
25 labeled with a biotin (the e-tag reporter would be released without the biotinylated nucleotide). 
In the case of a peptide analyte, one would have cleavage at a site, where the ligand remains 
with the peptide analyte. For example, one could have the e-tag reporter substituted for the 
methyl group of methionine. Using the pyrazolone of the modified methionine, one could bond 
to an available lysine. The amino group of the pyrazolone would be substituted with biotin. 
30 Cleavage would then be achieved with cyanogen bromide, releasing the e-tag reporter, but the 
biotin would remain with the peptide and any e-tag that was not released from the binding 
member. Avidin is then used to change the polarity or sequester the e-tag reporter conjugated 
to the binding compound or target -binding moiety. 

Capillary devices are known for carrying out amplification reactions such as PCR. 
3 5 See, for example, Analytical Chemistry ( 1 996) 68:408 1 -4086. Devices are also known that 
provide functional integration of PCR amplification and capillary electrophoresis in a 
microfabricated DNA analysis device. One such device is described by Woolley, et al, in 
Anal. Chem. (1996) 68:4081-4086. The device provides a microfabricated silicon PCR 
reactor and glass capillary electrophoresis chips. In the device a PCR chamber and a 
40 capillary electrophoresis chip are directly linked through a photolithographically fabricated 
channel filled with a sieving matrix such as hydroxyethylcellulose. Electrophoretic 
injection directly from the PCR chamber through the cross injection channel is used as an 
"electrophoretic valve" to couple the PCR and capillary electrophoresis devices on a chip. 
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The capillary electrophoresis chip contains a sufficient number of main or 
secondary electrophoretic channels to receive the desired number of aliquots from the PCR 
reaction medium or the solutions containing the cleaved labels, etc., at the intervals chosen. 

For capillary electrophoresis one may employ one or more detection zones to detect the 
5 separated cleaved labels. It is, of course, within the purview of the present invention to utilize 
several detection zones depending on the nature of the amplification process, the number of 
cycles for which a measurement is to be made and so forth. There may be any number of 
detection zones associated with a single channel or with multiple channels. Suitable detectors 
for use in the detection zones include, by way of example, photomultiplier tubes, photodiodes, 
1 0 photodiode arrays, avalanche photodiodes, linear and array charge coupled device (CCD) chips, 
CCD camera modules, spectrofluorometers, and the like. Excitation sources include, for 
example, filtered lamps, LED's, laser diodes, gas, liquid and solid-state lasers, and so forth. 
The detection may be laser scanned excitation, CCD camera detection, coaxial fiber optics, 
confocal back or forward fluorescence detection in single or array configurations, and the like. 
1 5 Detection may be by any of the known methods associated with the analysis of 

capillary electrophoresis columns including the methods shown in U.S. Patent Nos. 5,560,81 1 
(column 1 1, lines 19-30), 4,675,300, 4,274,240 and 5,324,401, the relevant disclosures of 
which are incorporated herein by reference. 

Those skilled in the electrophoresis arts will recognize a wide range of electric 
20 potentials or field strengths may be used, for example, fields of 10 to 1000 V/cm are used with 
200-600 V/cm being more typical. The upper voltage limit for commercial systems is 30 kV, 
with a capillary length of 40-60 cm, giving a maximum field of about 600 V/cm. For DNA, 
typically the capillary is coated to reduce electroosmotic flow, and the injection end of the 
capillary is maintained at a negative potential. 
25 For ease of detection, the entire apparatus may be fabricated from a plastic material that 

is optically transparent, which generally allows light of wavelengths ranging from 180 to 1500 
nm, usually 220 to 800 ran, more usually 450 to 700nm, to have low transmission losses. 
Suitable materials include fused silica, plastics, quartz, glass, and so forth. 

30 IV Systems for Use of t he e-tas Technology 

One embodiment of a system according to the present invention is presented in Figure 
16. This figure illustrates a system 100 for the simultaneous, multiplexed determination of a 
plurality of events. Each event is distinguished from the others by electrophoresis. For 
example, a snp locus may be characterized using a pair of reagents, each specific for one allele 

35 of the locus. Each reagent is bonded to an e-tag with a unique electrophoretic mobility and an 
associated label. When the reagent is combined with a sample of interest in a reaction vessel 
101, the associated e-tag is modified in a manner that changes its electrophoretic mobility if its 
specific target is present. After the reaction, the mixture is moved 102 onto an electrophoretic 
device 103 for separation of the e-tag reporter products contained in the mixture. A power 

40 control box 104 is used in conjunction with the device to control injection of the sample into 
the separation channel 105. Each e-tag re porter species migrates down the separation channel 
of the device with a mobility unique to that tag, moving past a detector 106 that monitors its 
presence by its associated label. The data collected by the detector is sent to a data processor 
107, which determines the presence of each snp allele in the sample based on the mobility of its 

45 corresponding e-tag reporter. 
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In another example, a group of snp loci or other sequences may be monitored in a 
multiplexed reaction. In this case, a plurality of pairs of e-tag reagents corresponding to tine snp 
leei tLet sequences are combined with a sample in a single reaction vessel under conditions 
where the e-tag reporter is released from at least a portion of the target oligonucleotide 
i sequence to which it is bonded when a pair is bonded to its target. The e-tag reporters are 

either labeled for detection or the label is added by means of a reactive functionality present on 
the e-tag. The labeled e-tag products of the reaction are resolved from one another on the 
electrophoretic device, and again are monitored as they move past the detector. The level of 
multiplexing possible in this system is limited only by the degree of resolution that can be 
0 obtained between a designated set of e-tag reporters on the electrophoretic device. 

An additional degree of flexibility can be conferred on the assay by the stage at which 
the e-tags are labeled. As described above, each e-tag may already contain a detectable label 
when introduced into the reaction. Alternatively, an e-tag may contain a functionality allowing 
it to bind to a label after reaction with the sample is complete (Figure 16; IQSy n this 
5 embodiment, an e-tag composing a functionality for binding to a detectable label is combined 
with a sample (Figure 16; 101). After a reaction to modify the mobilrty of the e-tag if its target 
is present in the sample, additional reagents are combined in a sample vessel (Figure 16 109) 
with the products of the first reaction, which will react with the modified e-tag(s) to add a 
detectable label. 

10 

V Kits for Use of the e-te ff Technology 

As a matter of convenience, predetermined amounts of reagents employed in the 
present invention can be provided in a kit in packaged combination. One exemplary kit for snp 
detection can comprise in packaged combination an oligonucleotide primer for each 

25 polynucleotide suspected of being in said set wherein each of said primers is hybndizable to a 
first sequence of a respective polynucleotide if present, a template dependent polynucleotide 
polymerase, nucleoside triphosphates, and a set of primer and oligonucleotide snp detection 
sequences, each of the snp detection sequences having a fluorescent label at its 5 -end and 
having a sequence at its 5'-end that is hybridizable to a respective polynucleotide wherein each 

30 of the electrophoretic labels is cleavable from the snp detection sequence. 

The kit may further comprise a device for conducting capillary electrophoresis as well 
as a template dependent polynucleotide polymerase having 5' to 3' exonuclease activity. The 
kit can further include various buffered media, some of which may contain one or more of the 

35 abOVC '^relative amounts of the various reagents in the kits can be varied widely to provide 
for concentrations of the reagents necessary to achieve the objects of the present invention. 
Under appropriate circumstances one or more of the reagents in the kit can be provided as a dry 
powder, usually lyophilized, including excipients, which on dissolution will provide for a 
reagent solution having the appropriate concentrations for performing a method or assay m 

40 accordance with the present invention. Each reagent can be packaged in separate containers or 
some reagents can be combined in one container where cross-reactivity and shelf life permit 
For example, the dNTPs, the oligonucleotide pairs, optionally the polymerase, may be included 
in a single container, which may also include an appropriate amount of buffer. The kits may 
also include a written description of a method in accordance with the present invention as 

45 described above. 
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In one embodiment of the kit, the electrophoretic tags are fluorescent conjugates 
represented by the formula: 

R-L-T a 

wherein R is a fluoresces L is a linking group, as described previously, and T a is a functionality 
for binding to a nucleoside base, purine or pyrimidine, or a nucleoside base, a nucleoside, 
nucleotide or nucleotide triphosphate. 

In another embodiment of a kit, the electrophoretic tags are fluorescent conjugates 
represented by the formula: 

R'-L'-T b 

wherein R' is a fluoresces L' is a bond an amino acid or a peptide or combinations of amino 
acids and thioacids or other carboxylic acids and T b is a nucleotide or nucleotide triphosphate 
In another embodiment of a kit, the electrophoretic tag is a fluorescent conjugate 

represented by the formula: 

15 Fluorescer-L" -(amino acid) n - V 

wherein L" is a bond or a linking group of from 1 to 20 atoms in the chain and n is 1 to 100. 
The fluorescer may be fluorescein, the amino acid may be lysine and L" may be a bond in the 
form of an amide linkage involving the meta-carboxyl of the fluorescein and the terminal 
amine group of lysine, and T c is the OH of the carboxyl of the last amino acid, a moiety of 

20 from 0 to 6 carbon atoms for linking the carboxy to a nucleoside, nucleotide or nucleotide 
triphosphate. 

In another embodiment of a kit in accordance with the invention , the electrophoretic 

tag is a label conjugate represented by the formula: 

Fluorescein-(CO)NH-CH(CH 2 ) 3 CH(NH 2 )COX 

25 wherein X is selected from the group consisting of: OH, NH-lysine, NH-(lysine) 2 , NH-alanine, 
NH-aspartic acid, NH-(aspartic acid) 2 , NH-(aspartic acid) 3 , NH-(aspartic acid) 4 , NH-(aspartic 
acid) 5 , NH-(aspartic acid) 6 , NH-(aspartic acid) 7 , NH-alanine-lysine, NH-aspartic acid-lysine, 
NH-(aspartic acid) 2 -lysine, NH-(aspartic acid) 3 -lysine, NH-(aspartic acid) 4 -lysine, NH- 
(aspartic acid) 5 -lysine, NH-(aspartic acid) 6 -lysine, NH-(aspartic acid)? -lysine, NH-(aspartic 

30 acid) 8 -lysine, NH-(lysine) 4 , and NH-(lysine) 5 The terminal carboxy may be linked to T c . 

The e-tags described above may terminate in an appropriate functionality for linking to 
a nucleotide, nucleotide triphosphate, or other molecule of interest, or may terminate in such 
moieties. 

For convenience, kits can be provided comprising building blocks for preparation of 
35 eTags reporter in situ or have assembled eTags reporters for direct bonding to the binding 

compound. For preparing the eTags reporter* in situ during the synthesis of oligonucleotides, 
one would provide phosphoramidites or phosphates, where the esters would include alkyl 
groups, particularlv of from 1 to 3 carbon atoms, and cyanoethyl groups, while for the 
phosphoramidite, dialkylamino, where the alkyl groups are of from 1 - 4 carbon atoms, while 
40 the other group would be a protected hydroxy, where the protecting group would be common to 
oligonucleotide synthesis, e.g. dimethoxytrityl. For large numbers of eTag pjx>bj« feperters, 
that is, 20 or more, one kit would supply at least 3 each of mass-modifying regions and charge- 
modifying regions, each having at least the phosphate linking group and a protected hydroxyl. 
The two functional groups may be separated by 2 or more atoms, usually not more than about 
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60 atoms, and may be vicinal (a ,p to a ,a>). The nature of the compounds has been discussed 
previously. In the simplest case, the phosphorous acid derivative would serve as the charge- 
modifying region, so that the mass-modifying region and the charge-modifying region would 
be added as a single group. In addition, one would have at least 2 detectable regions, which 
5 would be a fluorescer having the phosphate linker and other functionalities protected for 
purposes of the synthesis. Alternatively, instead of having the detection region the terminal 
region, where the detectable region allows for the presence of two functionalities that can be 
used for linking, one of the other regions may serve as the terminal region. Also, one of the 
regions may be conveniently linked to a mono- or dinucleotide for direct linking to the 
10 oligonucleotide chain, where cleavage will occur at the 3' site of the nucleotide attached to the 
e-tag reporter. By using tri- or tetra-substituted groups, one can provide a detectable region 
that provides the pair for energy transfer. One need only have one or two different energy 
transfer agents, while having a plurality of emitting agents to greatly expand the number of 
different e-tag reporters. 
1 5 Where one prepares the e-tag probe, there will be the additional linking region, 

which in the above description is served by the phosphorous acid derivative or the mono- 
or dinucleotide unit phosphorous acid derivative. For these e-tag probes, one need not be 
restricted to phosphate links, but may use other convenient chemistries, particularly 
chemistries that are automated. Thus, instead of phosphorous acid and protected alcohol, 
20 one can use carboxy and alcohol or amino, activated olefin and thiol, amino and oxo- 
carbonyl, particularly with reductive animation, an hydroxy with an active halide or 
another hydroxy to form an ether, and the like. One may employ compounds that are di- 
functional, with the same or different functionalities, where one could have a diacid and 
a diol or a hydroxy acid or cyclic ester for producing the e-tag probe. Numerous 
25 examples of these types of compounds have already been described and are well known 
in the literature. By appropriate selection of the monomers and conditions, one can 
select a particular order of reaction, namely the number of monomers that react or one 
may separate the mixture by the different mobilities. 

The kits will include at least two detectable regions and sufficient reagents to 
30 have at least 10, usually at least 20 and frequently at least 50 or more different e-tag 
reporters that can be separated by their mobility. 

The kits will usually have at least about 5 different e-tags for conjugation, more usually 
at least about 10, frequently at least about 25 and may have 50 or more, usually not more than 
about 1,000. The e-tags will differ as to mobility, including mass/charge ratio and nature of 
3 5 charge, e.g. overall positive or negative, detectable moiety, e.g. fluorophor, electrochemical, 
etc, or functionality for linking a detectable moiety, e.g. maleimide, mercaptan, aldehyde, 
ketone, etc. 
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EXAMPLES 



The invention is demonstrated further by the following illustrative examples. Parts and 
percentages are by weight unless otherwise indicated. Temperatures are in degrees Centigrade 
(°C) unless otherwise specified. The following preparations and examples illustrate the 
invention but are not intended to limit its scope. Unless otherwise indicated, oligonucleotides 
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synthesizer and were purified by gel electrophoresis or HPLC 

The following abbreviations have the meanings set forth below 

T^Hc^r^ < a 10x solutlon) * om 

5 BioWhittaker, Walkersville, MD 

HPT C - hieh performance liquid chromatography 

BSA bote serum albumin from Sigma Chemical Company S, Lou, MO 
EDTA- ethylene diamine tetra-acetate from Sigma Chemical Company 

bp - base pairs 
10 g- grams 

mM - millimolar 

TET - tetrachlorofluorescein 

F AM - fluorescein 

TAMRA - tetramethyl rhodamine 
1 5 EOF - electroosmotic flow 

StAMRA were purchased from Perkin Elmer (Foster City, CA) as were eonjuga.es of 
TET, FAM and TAMRA with oHsonuoleondes ' , „ (8% Glycerol) , 

wZfiZ AmpliTaq Goto* 0. 1U/.L (from Perkin Ehner), Amper.se 
UNO* 0.02 U/nL (from Perkin Elmer) 
Probes and Primers: 0 Ox) , D NO; „ 

Target DNA: . 
Plasmid Allele-1: 10 fg/uL = approximately 1000 copies uL 
Plasmid Allele-2: 10 fg/uL = approximately 1000 copies/uL 

" (5mL)was 

added drop wise, isobutync anhydnde (0.55 mL, 3.3 .«n*A^ ^ 
at room temperas under an a^^ 

40 vacuo the rescue was redissolvedin eth y J concentrated m v*c«o to 

The organic layer was separated, dned over Na 2 S0 4 , filtered^ ana c ^-hydroxy 
yield a brownish residue. This material was dissolved in CfcCh <5 rnL afterw y 
Lccinimide (0.23 g, 2.0 mmol) and frit** 

45 ^zzt^^=^^-^^ 
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(0 12 mL, 2.0 mmol) dissolved in 1 mL of CH 2 C1, After 3 h the reaction was againfiltered to 
remove a solid that had formed, and then diluted with additional CH 2 C1 2 (50 mU The solution 
was washed with water (150 mL) and then separated. The organic layer was dned over 
Na,S0 4 filtered and concentrated in vacuo to yield a white foam (0.7 g, 95 /o, 3 steps)^ H 
5 X DMSO) 8.68 (t, 1H), 8.21 «L 1H), 8.14 (d, 1H), 7.83 (s, 1H), 7.31 (s, 2H) 6 5 (s, 4H), 
4^9 (t, 1H), 3.45 (q, 2H), 3.25 (q, 2H), 2.84 (h, 2H), 1.25 (d, 12 H). Mass (LR FAB ) 
calculated for C3iH 29 N0 9 (M+FT) 559.2, found: 560. 

B Synthesis of Modified Flu ^srein Phosnhoramidites 

pu, a wi prntected crhoxyfluorescein : Into a 50 mL round bottom flask was placed 
10 5(6)-carbo Xy fluore S c e in (0.94 g, 2.5 mmol), potassium carbonate (1.0 g, 7.5 ^mmol) . and 20 mL 
ofdryDMF The reaction was stirred under nitrogen for 10 min, after which tnmeth y lacet.c 
anhydride (1.1 mL, 5.5 mmol) was added via syringe. The reaction was stirred at room 
temperature overnight, and then filtered to remove excess potassium carbonate and finally 
poured into 50 mL of 10 % HC1. A sticky yellow solid precipitated out of solution^ The 
15 aqueous solution was decanted off and the residual solid was dissolved in 10 mL of metiianol. 
Drop wise addition of this solution to 10 % HC1 yielded a fine yellow precipitate which was 
filtered and air dried to yield an off white solid (0.88 g, 62 %). TLC (45:45:10 of 

HXn:EtQ x^c M I^f protected mvalovl cajb oMfmore^ Into a 200 mL round bottom flask 

20 wasplacedtheprotectedca^^ 

N-hydroxysuccinimide (0.88 g, 7.6 mmol) and dicyclohexylcarbodumuie (L57 g, 7 6 mmol) 
werl added and th e reaction was stirred at room temperature for 3 hours. The reaction was then 
filtered to remove the precipitated dicyclohexyl urea byproduct and reduced to approx. 10 mL 
of solvent in vacuo. Drop wise addition of hexanes with cooling produced a ye 
25 colored solid, which was triturated with hexanes, filtered and air-dned to yield 3 . 1 7 g (95 /o) of 
product. TLC (45.45:10 of Hxn:EtOAc:MeOH) 

Alcoho l into a 100 mL round bottom flask was placed the NHS ester (0.86 g, 1 .34 
mmol) and 25 mL of dichloromethane. The solution was stirred under nitrogen after winch 
aminoethanol (81 SmL, leq) was added via syringe. The reaction was monitored by TLC 
30 (45 45 10 Hxn,EtOAc,MeOH) and was found to be complete after 10 min. The 

dichloromethane was then removed in vacuo and the residue dissolved in EtOAc, fihered and 
absorbed onto lg of silica gel. This was bedded onto a 50 g silica column and eluted with 
Hxn:EtOAc:MeOH (9:9. 1) to give 125 mg (20 %) of clean product. 

Phosnhoramidite. Into a 10 mL round bottom flask containing 125mg of the alcohol 
35 was added 5 mL of dichloromethane. Diisopropyl ethylamine (139 uL, 0.8 mmol) was added 
via syringe. The colorless solution turned bright yellow. 2-cyanoethyl 

dhsopropylchlorophosphoramidite (8 1 ^L, 0.34 mmol) was added via syringe and the solution 
mJdi*ely went colorless. After 1 hour TLC (45:45: 10 of Hxn.EtO Ac:TEA) showed 4. 
reaction was complete with the formation of two closely eluting isomers. Material was punfied 
40 on a silica column (45:45:10 of Hxn:EtOAc:TEA) isolating both isomers together and yielding 
130mg(85%). 

r a rhoxvlicacid . Into a 4 mL vial was placed 12-aminododecanoic acid (0.1 g, 0.5 
mmol) and 2 mL of pyridine. To this suspension was added chlorotrimethyl silane (69uL 1 .1 
eq) via syringe. After all material dissolved (10 min) NHS ester (210 mg, 0.66 eq) was added. 
45 The reaction was stirred at room temperature overnight and then poured into water to 
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precipitate a yellow solid, which was filtered, washed with water, and air-dried. TLC (45:45:10 
of Hxn EtOAc:MeOH) shows a mixture of two isomers. 

General Procedure for R emaining Syntheses . The carboxylic acid formed as described 
above is te^e-activated by NHS ester formation with 1.5 eq each of N-hydroxysuccinimide and 
5 dicyclohexylcarbodiimide in dichloromethane. After filtration of the resulting 

dicyclohexylurea, treatment with leq of varying amino alcohols will effect amide bond 
formation and result in a terminal alcohol. Phosphitylation using standard conditions descnbed 
above will provide the phosphoramidite. 

T Synthesis of Biotinvlated ? '-ne.oxvcvtosine Phosphoramidite^-S6flem» *4(Figure 

10 33) 

Com pound 1. Syn thesis of 3'.5'-0-Hi-t-h..ryldimethvlsily1-2'-Deoxvuridine(l): 
2'-dBeoxyuridine (4 gm, 17.5 mmol) and imidazole (3.47 gm, 52.5 mmol) were 
dissolved in 30 ml of dry DMF and t-butyldimethyl-silyl chloride (7.87 gm, 52.5 mmol) added 
to the stirring solution at room temperature. After 3 hrs, TLC on silica gel (10% MeOH + 90% 

1 5 CH 2 C1 2 ) showed that all starting material had been converted to a new compound with higher 
R f The solution was concentrated into a small volume; about 200 ml of ether was then added 
and washed three times with saturated aqueous NaCl solution. The organic layer was dried 
over anhydrous Na 2 SC>4, and the filtrate was evaporated to give a colorless gummy material that 
converted to a white solid product (eight gm, 100 %). This product was identified with HNMR 

20 andES-MS. 

Com pound 2. Synthesis of 3'.5'- Q -di-t-h u tvldimethvlsilyl-N -(U^-tnazoloH - 

neoxvcvtidineO): ^ u 

1,2,4-Triazole (19.45 gm, 282 mmol) was suspended in 300 ml of anhydrous CH 3 CN at 
0 °C, 8 ml of POCl 3 , then 50 ml of triethylamine was added slowly in 5 min. After an hour, 

25 3' 5'-0-d©i-t-butyldimethylsilyl-2'-d©eoxyuridine (Compound 1) (9 gm, 19.7 mmol) was 
dissolved in 200 ml of dry CH 3 CN and added to the reaction over 20 min. After stirring the 
reaction for 16 hours at RT, TLC (100 % ether) showed that all starting material was converted 
to a new compound with lower R f . The reaction mixture was filtered, reduced the volume of 
CH 3 CN, diluted with ethyl acetate and washed with saturated aqueous NaHC0 3 then twice with 

30 saturated aqueous NaCl. The organic layer was dried over anhydrous Na 2 S0 4 and the solvent 
was evaporated, co-evaporated from toluene to give a yellow solid product (10 gm, 100 %). 
This product was identified with HNMR and ES-MS. 

Com pound 3. Synthesis of 3'.5 ' -Q-di-t-butvldimethvlsilyl- N^jqO-tnoxa-l- 

tridecaneamino'>-2'-dBe oxvcvtidinef347 

35 4 7 10-Trioxa-l,13-tridecanediamine (10.44 gm, 47.4 mmol) was dissolved in 100 ml 

dioxane then 3',5'-0-di-t-butyldimethylsilyl-4-(l,2,4-triazolo)-2'-deoxycytidine (Compound 
2) (8.03gm, 15.8 mmol) was dissolved in 200 ml of dioxane (heated to about 50 C and cooling 
it dawn to RT) and added drop wise in 10 min, to the solution of 4,7,10-Trioxa-l,13- 
tridecanediamine with vigorous stirring at RT. After 5 hrs, TLC on silica gel showed that all 

40 starting material was converted to a new product with lower Rf, the resulting mixture was 

evaporated to dryness. The residue was dissolved in dichloromethane and washed twice with 5 
% sodium bicarbonate solution and saturated sodium chloride solution. The organic layer was 
dried over sodium sulphate, filtered and evaporated to dryness to give a yellow gummy product 
(7.87 gm). The product was purified on a silica gel column eluted with a gradient of 0 to 10 % 
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methanol in dichloromethane with 1 % triethylamine. The product was obtained as a yellowish 
gum ( 5.66 gm, 54 %). This product was identified with HNMR and ES-MS. 

Compound 4. Synthesis of 3'. 5'-Q-di-t-butvl dim et hvlsi l y l-4-N-(47 1 10-trioxa-l- 

tridecaneaminobiotinW'-dSe oxvcvtidineW 
5 3 ' 5 5'-OKli-t-butyldimethylsilyl-4-N<4JJ0-trioxa-l-tridecaneamino)-2 , -deoxycytidine 

(Compound 3) (2.657 gm, 4.43 mmol) and Biotin-NHS ester (1.814 gm, 5.316 mmol) were 
dissolved in 20 mL of dry DMF and about 1 mL of triethylamine was added. After stirring the 
reaction mixture for 4 hrs at RT, the reaction was stopped by evaporating all DMF to give a 
yellow gum material (4.36 gm). This material was dissolved in dichloromethane and washed 

1 0 three times with saturated solution of NaCl, dried over sodium sulphate and evaporated to 

dryness. TLC on silica gel (5%MeOH + 1%TEA + 94% CH 2 C1 2 ) indicated the formation of a 
new product that was higher R f . This product was purified with column chromatography on 
silica gel using (99% CH 2 C1 2 + 1%TEA) to (l%MeOH + 1%TEA + 98%CH 2 C1 2 ) to yield a 
yellow foamy product (2. 13 gm, 60 %). This product was identified with HNMR and ES-MS. 

15 Com pound 5. Synthesis of 4-N-f4.7.10-tP oxa-1 -tridecaneaminobiotin)-2'- 

dPeoxvcvtidine (54 

3 ' ,5 ' -0-di-t-butyldimethylsilyl-4-N-(4,7 , 1 0-trioxa- 1 -tridecaneaminobiotin)-2 ' - 
deoxycytidine (Compound 4) (1.6 gm, 1.8 mmol) was dissolved in 50 mL of dry THF, then 
about 5 5 mL of tetrabutylammonium fluoride in THF was added in 2 min. while stirring at RT. 

20 After 3hrs, TLC on silica gel (10 % MeOH + 1 % TEA + 89 % CH 2 C1 2 ) showed that a new 
product with lower R f formed. The solvent was evaporated to give a yellow oily product. 
Column chromatography on silica gel eluted with (99 % CH 2 C1 2 + 1 % TEA) to (7 % MeOH + 
1 % TEA + 92 % CH 2 C1 2 ) permitted the purification of the product as a gummy colorless 
product (1 . 14 gm, 97 %). This product was identified with HNMR and ES-MS. 

25 Com pound 6. t-bButvlbenznvlation of the hiotin of 4-N- (4,7, 10-trioxa-l- 

tridecaneaminobiotin)-2 ' -deoxvcvtidine (6}r 

4-N-(4,7,10-trioxa-l-tridecaneaminobiotin)-2'-d©eoxycytidine (Compound 5) ( 14.14 

gm, 21.5 mmol ) was dissolved in 100 mL of dry pyridine. Chlorotrimethyl silane (1 1.62 
gm, 107.6 mmol) was added and the mixture was stirred for 2 hrs at RT. 4-t-butylbenzoyl 

30 chloride (5.07 gm, 25.8 mmol) was added and the mixture was stirred for another 2 hrs at RT. 
The reaction mixture was cooled with ice-bath and the reaction stopped by adding 50 ml of 
water and 50 ml of 28 % aqueous ammonia solution. The solution kept stirring at RT for 20 
min, then evaporated to dryness in high vacuum and finally co-evaporated twice from toluene. 
The material was dissolved in dichloromethane and extracted twice with 5% aqueous sodium 

3 5 bicarbonate solution. The organic layer was dried over sodium sulphate, evaporated to dryness, 
re-dissolved in dichloromethane and applied to a silica gel column. The column was eluted 
with gradient from 0 to 10 % of methanol in dichloromethane and obtained a product as a white 
foam (9.4 gm, 53.5 %). This product was identified with HNMR and ES-MS. 

Compound 7 Synthesis of 5 ? -Q-(4.4'-dim ethoxvtriphenvlmethvl)-4-N-(4 1 7 1 10-trioxa- 

40 1 -tridecaneaminobiotinV2 ' -dOeox vcvtidine-ffl 

Compound 6 (10.82 gm, 13.3 mmol) was co-evaporated twice from dry pyridine, then 
dissolved in pyridine (100 ml) and 4,4'-dimethoxytritylchloride(DMT-Cl) (6.76 gm 19.95 
mmol) was added and the resulting mixture stirred for 3 hrs. TLC (10 % MeOH + 1 % TEA + 
89 % CH 2 C1 2 ) showed the formation of new product with higher Rf, and some starting material 

45 remained unreacted, then another amount of DMTC1 (2 gm) was added and kept stirring for 2 
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hrs. The reaction was stopped by adding ethanol, and the mixture was stirred for 15 min. After 
evaporation to dryness and co-evaporation from toluene, the material was dissolved in 
dichloromethane. The organic layer was washed twice with 5 % aqueous sodium bicarbonate 
solution, dried over sodium sulphate and evaporated to dryness. The product was purified on a 
5 silica column using a gradient of methanol from 0 to 5 % in dichloromethane/ 1 % TEA. The 
product was obtained as a white foam (4.55 gm, 3 1 %). This product was identified with 
HNMR and ES-MS. 

Compound 8. Synthesis of 3'-Q-r (diisopro p v1amine¥2-cvanoethoxy) phosphino)l-5'- 
0^4 i 4 ; -dimethoxvtri P henvlmethvlM-N-(4.7JO-tri ox a-l-tr ideca neaminobiotin)-2'- 

10 flQ eoxvcvtidine-^ 

The 5'-DMT-Biotin-dC (Compound 7) (507 mg, 0.453 mmol) was dissolved in dry 
acetonitrile (30 ml) and dichloromethane (5 ml), then diisopropylamine (73 mg, 0.56 mmol), 
tetrazole (1.15 ml, 0.52 mmol) and 2-cyanoethylN,N,N'N'-tetraisopropylphosphane 214 mg, 
234 uL, 0.7 mmol) were added and the mixture stirred under nitrogen at RT. After 2 hrs, TLC 

1 5 on silica gel (45%:45%:5%:5%: of ethyl acetate:dichloromethane:triethylamine:methanol) 
showed that only about 30 % of product was formed and about 70 % of starting material was 
unreacted. More reagents were added until most of starting material was converted, with only 
about 5 % left unreacted. The solvent was evaporated to dryness, dissolved in dry 
dichloromethane, washed with sodium bicarbonate solution (5 %), saturated brine solution, 

20 then the organic layer was dried over sodium sulphate, evaporated to dryness. Column 
chromatography was carried out on silica gel using (48 %:48 %:4 % of ethyl 
acetate:dichloromethane:triethylamine) to (47%:47%:5%:1% of ethyl 
acetate:dichloromethane:triethylamine:methanol). The desired product was obtained as a 
colorless gummy product (406 mg, 70 %). This material was co-evaporated three times from a 

25 mixture of dry benzene and dichloromethane, then was kept in desiccated containing P 2 0 5 and 
NaOH pellets under vacuum for 26 hrs before used in DNA synthesis. 

O Synthesis of Biotinvlated 2 , -Deoxvadenosine Pho sphora m i dit e: Schemed (Figure 

34} 

Compound 1 Synthesis of 8 -bBromo-2 , -deeoxvaden osine: 
30 2'-dDeoxyadenosine (7gm, 25.9 mmol) was dissolved in sodium acetate buffer (150 

mL, 1 M, pH 5.0) by worming it to about 50 °C, then was cooled dawn to 30 °C, then 3 mL of 
bromine in 100 mL of the same buffer was added drop wise at RT for 15 min, to the reaction. 
After 6 hrs the TLC on silica gel (20 % MeOH in CH 2 C1 2 ) showed that all starting material was 
converted to a new product. The reaction was discolored by adding some sodium metabisulfite 
3 5 (Na 2 S 2 0 5 ) while iHwas-stirring. The color changed to a white solution, and the pH of the 
reaction was neutralized by adding 1M NaOH. The reaction mixture was kept at 4 °C 
(refrigerator) for 16 hrs. The solid material was then filtered, washed with cold water, then 
acetone to give a solid yellow powder product (5.75 gm, 64 %). The structure of this product 
was confirmed by H-NMR and ES-MS. 
40 Com pound 2. Synthesis of N 6 -hBenzovl-8-b romo -5 , -0 -(4 1 4 , -dimethoxvtritvl)-2'- 

dBeoxvadenosine-W 

8-bBromo-2'-d©eoxyadenosine (Compound 1) (7.7 gm. 22. 17 mmol) was dried by co- 
evaporation with dry pyridine and the solid was suspended in 200 ml of dry pyridine followed 
by the addition of 4,4 , -dimethoxytriphenylmethyl chloride (DMT-C1,H9 gm, 26.6 mmol). 
45 After stirring for 4 hrs at RT, TLC on a silica gel showed that a new product was formed and 
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some starting material was unreacted. Another amount of DMT-C1 (3 gm) was added and 
stirred at RT for 2 hrs. When TLC showed that all starting material was converted to new 
product with a higher Rf, the reaction mixture was cooled to 0 °C and trimethylchlorostlane 
(12 042 gm 14 mL, 1 10.85 mmol) was added drop wise while cooling and after 40 mm while 

5 stirring benzoyl chloride (15.58 gm, 12.88 mL, 1 10.85 mmol) was similarly added. The 

reaction was allowed to react at RT over 2hrs. The reaction was quenched by slow addition of 
cold water (50 ml), followed by addition of concentrated ammonia (30 /o, 50 ml). After iu 
min the reaction mixture was evaporated to dryness. The residue was dissolved in water, and 
the solution was extracted with ethyl acetate three times, the organic layer washed with 

I o saturated sodium bicarbonate solution, and then brine. The organic phase was dried over 

sodium sulphate, then evaporated to dryness. The product was purified e**bv silica co umn 
chromatography, to give a yellowish solid product (6.79 gm, 41.6 %). The structure of this 

product was confirmed by H NMR and ES-MS. 

r^pnnnd 3 Svn tw; c of N 6 -henzovl-8-hromo-3'-0-t-bu^ldim P thy 1sil yl-5 -Q-(4,4 - 

15 Himethoxvtrity'V^-^xvadenosine 

6N-bBenzoyl-8-bromo-5'-0-(4,4'-dimethoxytrityl)-2'-d©eox y adenosine(Compound 

21) (14 gm 19 mmol) and imidazole (1.94 gm, 28 .5 mmol) were dissolved m 100 mL of dry 
DMF and t-butyloimethyl-silyl chloride (4.3 gm, 28.5 mmol) added to the stirring solution at 
room temperature. After 4 hrs, TLC on silica gel (2.5 % MeOH in CH 2 C1 2 ) showed that all 

20 starting material had been converted to a new product with higher R, The solution was 

concentrated into a small volume, then about 400 mL of ether was added and washed three 
times with saturated aqueous NaCl solution. The organic layer was dried over ^anhydrous 
Na 2 S0 4 , and the filtrate was evaporated to give an off-white foamy product (16.18 gm, 100 /„). 
H NMR and ES-MS confirmed the structure. 

25 rnm pnnnd 4. Syr-th^i* of N M>en zoy1 - 8 - (4J 40-trioxa-l-tridecaneamino)-3 -O-tz 

h„tvlHimethvlsilv l-V-n-^4'-dimethoxvtritvl)-2'-deoxvadenosine-^ 

N 6 -bBenzoyl-8-bromo-3'-0-t-butyldimethylsilyl-5'-0-(4,4'-dimethoxytntyl)-2- 

deoxyadenosine (Compound 3) (8.3 1 gm, 9.7 mmol) was dissolved in 200 ml of ethanol then 
4 7 10-trioxa-l,13-tridecanediamine (6.75gm, 6.7 ml, 30 mmol) was added at once and kept 
30 stirring at 50 °C After 16 hrs TLC showed that all starting material was converted to one 

major product with lower Rf and other minor products. The solvent was evaporated to dryness, 
dissolved in dichloromethane, washed three times with a solution of brine, dried over 
anhydrous Na 2 S0 4 , then evaporated to give a yellow gummy material. Cohimn 
chromatography (1 % TEA + CH 2 C1 2 ) to (1 % TEA + 5 % MeOH + CH 2 C1 2 ) permuted the 
35 purification of the major product as an off-white gummy material (4.53gm, 47%). Tins product 
was identified with HNMR and ES-MS. 

rnm pnnnd 5 Svntb™* of N^benzovl- S - ^J. 1 0-trioxa-l .fridecnne*rmnobiotin)-3 -O- 
t-hntv1dimethvlsi W l-V-0-(4 4'-dime.thoxvtrityl)-2'-deoxvadenosine 

N 6 -benzoyl-8-(4 7,10-trioxa-l-tridecaneamino)-3'-O-t-butyldimethylsilyl-5 -0-(4,4 - 
40 dimethoxytrityD^'-deoxyadenosine (Compound 4) (4.53 gm. 4.57 mm ^\ bl °^i^! 
(3 12 gm, 9.13 mmol) were dissolved in 75 mL of DMF and few drops *™J™ 
the reaction was stirred at RT. After 2 hrs TLC on silica gel (5 % MeOH + 1 % TEA + 94 % 
CH 2 C1 2 ) showed the formation of one major product less polar than starting matenal and 
another minor spot has lower Rf. The solvent was evaporated to dryness, then dissolved in 
45 CH 2 C1 2 and washed three times with a saturated solution of NaCl, dried the organic layer, 
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evaporated to dryness to leave a yellow gummy matenal. This matenal was punfied 
column chromatography on silica gel by using (1 % TEA + CH 2 C1 2 ) to (1 % TEA + 2.5 A 
MeOH + CH 2 C1 2 ) as eluant. After evaporating the tractions containing the product, gave a 
yellowish solid material (3.16g, 78 %).™ 
5 r^pnnnd 6 Svn fr-^ of N*-henzovl- 8 - (4 7 10-tri oxa-l-tnd^n^m,nohiotmV 5 -0 : 

{4 4'-Himethoy vtritv1V2Meoxvadenosine>ffi 

N 6 -benzoyl-8K4,7,10-trioxa-l-tridecaneaminobiotin)-3'-O-t-butyl<hmethylsi^ 

(4 4Mimethoxytrityl)-2'-deoxyaden 0 sine (Compound 5) (3.16 gm, 2.6 mmol) was dissolved in 
100 mL of dry THF, and then about (3.25 ml, 3.25 mmol) tf***'^^ " , 

10 THF was added in 5 min while stirring at RT. After 8 hrs, TLC on silica gel(10 % MeOH + 1 
% TEA + 89 % CH 2 C1 2 ) showed that a new product with lower R f formed. The solvent was 
evaporated to give a yellow oily material. Column chromatography on silica gel eluted with 
(99 % CH 2 C1 2 + 1 % TEA) to (5 % MeOH + 1 % TEA + 94 % CH 2 C1 2 ) permitted the 
punfication of the product as a white foamy product (2.86 gm, !00 o/o). HNMR and ES-MS 

15 confirmed the structure. . .... r n 

rwpnnnH 7 SvnAe ™ nf N 6 -hen 2 ovl-8-(4 7 10-tnoxa-l-tnHecan^minohiot.n)- 3 -O r 
| f (H^npropvlamin Or-^n^thoxv^ D hosnhino)1-5'-Q-(4 4'-dimc.thoxvtntvl)-2'- 

W neoxvadenosine-f4}r *^*„i\ t 

?m N 6 -benzoyl-8-(4 7 10-trioxa-l-tridecaneaminobiotin)- 5'-0-(4,4 -dimethoxytntyl)-2 - 

lo deoxyadenosine (Compound 6) (0.959 gm, 0.86 mmol) was dissolved in a 
& acetonitrile (200 mL) and dichloromethane (50 mL), and diisopropylamine (224 uL, 1.29 
C l mmol) followed by the addition of 2-cyanoethyl N, N, N', N'-tetraisopropylphosphane (404 
+ uL 1 .29 mmol) and tetrazole (2.6 ml, 1 .2 mmol, 0.45 M solution in dry »«*™^>- ^ 

addition and subsequent reaction are performed under argon while stirnng at RT. After .sn, 
5 5 TLC on silica gel (5 % MeOH + 5 % TEA + 45 % EA + 45 % CH 2 C1 2 ) showed that only about 
O 50 % of starting matenal (SM) was converted to a new product. The same above ^amount of 
W reagents were added to the reaction and kept stirring for another 2 hrs at RT. TLC showed that 
° about95 %ofSMwasconvertedtoanewproductwithhigherR f . The solvent was evaporated 
to dryness then was dissolved in dichloromethane, extracted once with 5 % solution of 
30 bicarbonate, followed by saturated brine solution and then dned over ^hydrous J«^u^ 
and evaporated to dryness. Column chromatography on silica gel (10 % TEA + 45 /„EA + 45 
o/o CH 2 C1 2 ) first, then (5 % TEA + 5 % MeOH + 45 % EA + 45% CH 2 C1 2 ). After evaporating 
the fractions containing the product, gave a yellow gummy matenal (774 mg). This matenal 
was co-evaporated three times from a mixture of dry benzene and dichloromethane, then was 
35 kept in desiccantted containing P 2 0 5 and NaOH pellets under vacuum for 24 hrs before used m 

DN A synthesis. . . 

v ^mthegi* of Oligonu cleotides Con taining B iotin-dC and Biotin-dA 
The syntheses of oligonucleotides containing biotin-dC and Biotin-dA, site-specifically 
located, were performed on a CPG support using a fully automated DNA synthesizer and the 
40 commercially available fully protected deoxynucleosides phosphoramidrtes Syntheses of all 
these oligonucleotides were carried out at 1.0 and 0.4 umol scale. The coupling time for the 
biotin-dC and dA were extended to 900 seconds. The coupling efficiency of the biotin-dC and 
dA phosphoramidites was found greater than 96 %. After coupling of the biotinylated 
phosphoramidites, the remaining residues comprising the e-tag reporter of interest were added. 
45 Upon completion of the synthesis of the oligonucleotides, they were deprotected with 
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concentrated ammonia at 65 °C for 1 hour. These oligonucleotides were purified by reverse- 
phase HPLC and desalted by OPC column, then used as such. 

p Whe. s j s of AC1 A«ni fi y™ m on an AM 394 DNA Synthesizer 
6-Carboxyfluorescein (6-FAM) phosphoramidite is prepared by the add-on of 2.96ml 
5 of anhydrous acetonitrile to a 0.25 gram bottle of the fluorescein phosphoramidite, to give a 0. 1 
M solution. The bottle is then loaded onto the ABI 394 DNA synthesizer at position 8 using 
^etdard bottle change protocol. The other ^^^^^^^2" 
acetonitrile) dC Ac (0.1 M: 0.25g/3.24 mL anhydrous acetonitnle), dT(0.1 M. 0.25 g/3.36 mL 
anhydrous a«*onitrile),dG^ (0.1 M:0^^^ 
10 phosphoramidite monomers a^loaded in a similar fashion to ports 1-4. Acetonitrile is oaded 
oZ side port 18, standard tetrazole activator is loaded onto port 9, CAP A is loaded onto port 
1 1, CAP B is loaded onto port 12, oxidant is loaded onto port 15, and deblock solution is 
loaded onto port 14 all using standard bottle change protocols. 

15 stn"^"* Pre p«nts Employed for DNA Synthesis; 

Oxidizer: 0.02 M Iodine (0.015 M for MGB Probes) 

[?1 DeBlock: 3% trichloracetic acid in dichloromethane 

f jj Activator. lH-Tetrazole in anhydrous acetonitrile 

n'j HPLC Grade Acetonitrile (0.002 % water) 

*;20 Cap A: acetic anhydride 

fi Cap B: N-methyl imidazole 

The target sequence of interest is then input with a terminal coupling from port 8 to 
b attach ACLA001 to the 5'-end of the sequence. A modified cycle is then chosen such that the 
45 desired scale (0.2 paoL 1.0 nmol, etc.) of DNA is synthesized. The ™difiedcyde contains an 
9. additional wait step of 800 seconds after any addition of 6-FAM. A standard ^ synthesis 
E co ,umn containing the support upon which the DNA will be assembled is then loaded onto one 
U of four positions of the DNA synthesizer. DNA containing e-tag reporters have been 

synthesized on various standard 500 A CPG supports (Pac-dA-CPG, dmf-dG-CPG, Ac-dC- 
30 CPG, dT-CPG ) as well as specialty supports containing 3'-biotin, 3'-amino linker, and minor 

grove binding species. . 

Upon completion of the synthesis, the column is removed from the synthesizer and 
either dried under vacuum or by blowing air or nitrogen through the column to remove residual 
acetonitrile. The column is then opened and the CPG is removed and placed in a 1-dram vial. 
35 Concentrated ammonia is added (2.0 mL) and the vial is sealed and placed mto a heat block set 
at 65 °C for a minimum of two hours. After two hours the vial is allowed to cool to room 
temperature after which the ammonia solution is removed using a Pasteur pipette and placed 
into a 1 .5 mL Eppendorf tube. The solution is concentrated in vacuo and submitted for HPLC 
purification. 

40 » SyntWi, of ACT Ann? rw w ,« 171 on <m ABI 394 DNA Synthesizer 

6-Carboxyfluorescein (6-FAM) phosphoramidite is prepared by the addition of 2.96 
mL of anhydrous acetonitrile to a 0.25 gram bottle of the fluorescein phosphoramidite, to give a 
0 1 M solution The bottle is then loaded onto the ABI 394 DNA synthesizer at position 8 
using the standard bottle change protocol. The other natural [dA ta (0. 1 M: 0.25 g/2. 9 , 1 mL 

45 anhydrous acetonitrile), dC Ao (0.1 M: 0.25 g/3.24 mL anhydrous acetonitrile), dT (0.1 M. 0.25 
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B/3 36 mL anhydrous acetonitrile), do* 1 * (0. 1 M: 0.25 g/2.81 mL anhydrous acetomtnle)] 
phosphoramxdite monomers are loaded in a simrlar fashion to ports 1-4. Acetomtnle 1S oaded 
onto side port 18, standard tetrazole activator is loaded onto port 9, CAP A is loaded onto port 
1 1 CAP B is loaded onto port 12, oxidant is loaded onto port 15, and deblock solution 1S 
5 loaded onto port 14 all usmg standard bottle change protocols. The target sequence of interest 
is then input with a terminal coupling from port 8 and a penultimate coupling of thymidine to 
the 5'-end of the sequence to assemble ACLA002. A modified cycle is then chosen such that 
the desired scale (0.2 utiol, 1.0 pool, etc.) of DNA is synthesized. The modified cycle 
TonSis an additional wait step of 800 seconds after any addition of 6-FAM. A standard ^ 
10 synthesis column containing the support upon which the DNA will be assembled is then loaded 
ol one of four positions of the DNA synthesizer. DNA containing e-tag reporters have been 
synthesized on various standard 500 A CPG supports (Pac-dA-CPG, dmf-dG-CPG , Ac-dC- 
CPG, dT-CPG) as well as specialty supports containing 3'-biotin, 3'-amino linker, and minor 

grove binding species. . 
15 Upon completion of the synthesis the column is removed from the synthesizer and 

either dried under vacuum or by blowing air or nitrogen through the column to remove residual 
acetonitrile. The column is then opened and the CPG is removed and placed in a 1-dram vial. 
Concentrated ammonia is added (2.0 mL) and the vial is sealed and placed into a heat block set 
H at 65 °C for a minimum of two hours. After two hours the vial is allowed to cool to room 
to temperature after which the ammonia solution is removed using a Pasteur pipette and placed 
Jj into a 1 .5 mL Eppendorf tube. The solution is concentrated in vacuo and submitted for HPLC 

purification. . 

u ^thesis of A d ^mire 17> on an ABT 394 DNA Synthesizer 
D 6-Carboxyfluorescein (6-FAM) phosphoramidite is prepared by the addition of 2.96 

% mL of anhydrous acetonitrile to a 0.25 gram bottle of the fluorescein phosphoramidite, to give a 
- 0 1 M solution The bottle is then loaded onto the ABI 394 DNA synthesizer at position 8 
S using the standard bottle change protocol. The other natural [dA ta (0. 1 M. 0.25 g/2.91 mL 
M anhydrous acetonitrile), dC Ac (0. 1 M: 0.25 g/3.24 mL anhydrous acetomtnle), dT (0. 1 M: 0.25 
g/3 36 mL anhydrous acetonitrile), dG^ (0.1 M: 0.25 g/2.81 mL anhydrous acetomtnle)] 
30 phosphoramidite monomers are loaded in a similar fashion to ports 1-4. Acetonitrile 1S oaded 
onto side port 18, standard tetrazole activator is loaded onto port 9, CAP A is loaded onto port 
1 1 CAP B is loaded onto port 12, oxidant is loaded onto port 15, and deblock solution 1S 
loaded onto port 14 all using standard bottle change protocols. The target sequence of interest 
is then input with a terminal coupling from port 8 and two penultimate couplings of thymidine 
35 to the 5'-end of the sequence to assemble ACLA003. A modified cycle is then chosen such 
that the desired scale (0.2 m o\, 1.0 umol, etc.) of DNA is Resized The modified cycle 
contains an additional wait step of 800 seconds after any addition of M™'**^™* 
synthesis column containing the support upon which the DNA will be assembled is then loaded 
onto one of four positions of the DNA synthesizer. DNA containing e-tags have been 
40 synthesized on various standard 500 A CPG supports (Pac-dA-CPG, dmf-dG-CPG , Ac-dC- 
CPG, dT-CPG ) as well as specialty supports containing 3'-biotin, 3'-amino linker, and minor 

grove binding species. 

Upon completion of the synthesis, the column is removed from the synthesizer and 
either dried under vacuum or by blowing air or nitrogen through the column to remove residual 
45 acetonitrile. The column is then opened and the CPG is removed and placed in a 1-dram vial. 
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Concentrated ammonia is added (2.0 mL) and the vial is sealed and placed into a heat block set 
at 65 °C for a minimum of two hours. After two hours the vial is allowed to cool to room 
temperature after which the ammonia solution is removed using a Pasteur pipette and placed 
into a 1.5 mL Eppendorf tube. The solution is concentrated in vacuo and submitted for HPLC 
purification. 

T Synrtu«i a of AC L API 6 (Figure 17 ) nn an ABT 394 DNA Synthesizer 
6-Carboxyfluorescein (6-FAM) phosphoramidite is prepared by the addition of 2.96 
mL of anhydrous acetonitrile to a 0.25 gram bottle of the fluorescein phosphoramidite, to give a 
0 1 M solution The bottle is then loaded onto the ABI 394 DNA synthesizer at position 8 
using the standard bottle change protocol. Spacer phosphoramidite C3 (0.25 g) is dissolved in 
5 0 mL of anhydrous acetonitrile and loaded onto position 5 of the synthesizer. The other 
natural [dA bz (0.1 M: 0.25 g/2.91 mL anhydrous acetonitrile), dC Ac (0.1 M: 0.25 g/3.24 mL 
anhydrous acetonitrile), dT (0.1 M: 0.25 g/3.36 mL anhydrous acetonitrile), dG m (0.1 M: 0.25 
g/2 81 mL anhydrous acetonitrile)] phosphoramidite monomers are loaded m a similar fashion 
to ports 1-4 Acetonitrile is loaded onto side port 18, standard tetrazole activator is loaded onto 
port 9 CAP A is loaded onto port 1 1, CAP B is loaded onto port 12, oxidant is loaded onto port 
15 and deblock solution is loaded onto port 14 all using standard bottle change protocols. The 
target sequence of interest is then input with a terminal coupling from port 8 and a penultimate 
coupling of the C3 spacer from port 5 to assemble ACLA016. A modified cycle is then chosen 

) such that the desired scale (0.2 nmoL 1 .0 umol, etc.) of DNA is synthesized. The modified 
cycle contains an additional wait step of 800 seconds after any addition of 6-FAM. A standard 
DNA synthesis column containing the support upon which the DNA will be assembled is then 
loaded onto one of four positions of the DNA synthesizer. DNA containing e-tag reporters 
have been synthesized on various standard 500 A CPG supports (Pac-dA-CPG, dmf-dG-CPG , 

5 Ac-dC-CPG, dT-CPG ) as well as specialty supports containing 3 '-biotin, 3 '-amino linker, and 

minor grove binding species. 

Upon completion of the synthesis the column is removed from the synthesizer and 
either dried under vacuum or by blowing air or nitrogen through the column to remove residual 
acetonitrile. The column is then opened and the CPG is removed and placed in a 1-dram vial. 
0 Concentrated ammonia is added (2.0 mL) and the vial is sealed and placed into a heat block set 
at 65 °C for a minimum of two hours. After two hours the vial is allowed to cool to room 
temperature after which the ammonia solution is removed using a Pasteur pipette and placed 
into a 1.5 mL Eppendorf tube. The solution is concentrated in vacuo and submitted for HPLC 
purification. 

35 All other e-tag reporters are synthesized in a similar manner to that described above. 

Figure 17 provides a list of different e-tag reporters with their structures, where the symbols are 
as defined in Table 4 and are repeated here for convenience. Figure 6 provides a list of elution 
times of some of these e-tags on an ABI 3100 using POP4 as the separation matrix. C 3 , C«, C 9 
and C 18 are commercially available phosphoramidite spacers from Glen Research, Sterling, VA. 

40 The units are derivatives of N,N-diisopropyl, O-cyanoethyl phosphoramidite, which is 

indicated by Q. The subscripts indicate the number of atoms in the chain, which comprises 
units of ethyleneoxy terminating in Q with the other terminus protected with DMT. The letters 
without subscripts A, T, C and G indicate the conventional nucleotides, while T 2 mtends 
amino thymidine and C Br intends bromocytidine. In Figure 8, the numbers indicate the e-tag 

45 reporter as numbered indicated in Figure 17. 
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p^pio i sin f le plex Amplia tions of Allele 1 and Allele 2 

1 ^l^int was set up to run in the fol.owi^hion (6 samples, a tnphcate for 
Allelel and another triplicate for Allele-2): 
22uLof Mastermix 

13 uL of probes and primers (both the probes are present) 
4.0 uL of Allele- 1 or Allele-2 

1 1 uL of buffer (lOmM Tris-HCl, ImM EDTA, P H8.0) 
Allele 1 was labeled with tetrachloro fluorescein (TET), and Allele 2 was labeled with 
fluorescein (FAM), each having characteristics as set forth m Figure IB. 

The above volumes were added to a PGR tubes and the reaction mixtures were cycled on a 
Gene Amp® system 9600 thermal cycler (Perkin Elmer) as follows: 
50°C- 2 MIN (for optimal AmpErase UNG activity) 
96°C;' 10 MIN (required to activate AmpliTaq Gold DNA Polymerase) 

40 cycles of: 
15 95°C;15SEC 
! 60°C; 60 SEC 

:5 70°C; 10 MIN 

Z 4°C; storage 

Results from experiments with Allele-1 are shown in Figures I8A and B: CE separation of 
rn the reaction products of Allele 1 after 0 and 40 cycles. CE instrument was Beckman P/ACE 
5000 with LIF detection. BGE: 2.5 % LDD30, 7 M urea, lx TBE. Capillary: 100 urn £375 
am o d Lc = 27 cm, Ld = 6.9 cm. Detection: X ex = 488 nm, ^ = 520 nm. Injection. 5 s at 2.0 
O kV. Field strength: 100 V/cm at room temperature. Peaks: P = unreacted primer, P - primer 

£f 5 '^Us from experiments with Allele-2 are shown in Figures 19A and B: CE separation of 
S the reaction products of Allele 2 after 0 and 40 cycles. Experimental -^hions w ere as given 
U above for the Figure 18 experiment except for the BGE composition: 2.0 /o LDD30, lx TBb. 

30 Pv^ pl* 7 A multin ^ y^ action with both Allele 1 and Allele 7 present in equal ratio 

The experiment was set up in the following fashion (3 reaction tubes, a triplicate): 

22 uL of Mastermix 

13 uL of probes and primers (both of the probes were present) 
4.0 uL of Allele-1 
35 4.0 uL of Allele-2 

7 uL of buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) 
The above volumes were added to a PCR tubes and the reaction mixtures were cycled on a 
Gene Amp® system 9600 thermal cycler (Perkin Elmer) as follows: 
50°C- 2 MIN (for optimal AmpErase UNG activity) 
40 96°C;' 1 0 MIN (required to activate AmpliTaq Gold DNA Polymerase) 

40 cycles of: 
95°C; 15 SEC 
60°C; 60 SEC 
70°C; 10 MIN 
45 4°C; storage 
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The results are shown in Figure 20: CE separation of a 1:1 mixture of the 40 cycles 
products of Alleles 1 and 2. Experimental conditions were as given above for the experiments 
of Figure 18. 

T^'impl" » A ™.'t ;pl .™H ruction w fr* Wh Allele 1 and Allele ?, where Allele 1 is 10 times 
m™-" ™nr<»ntrated than Allele 2 

The experiment was set up in the following fashion (3 reaction tubes, a triplicate): 

22 uL of Mastermix 

13 uL of probes and primers (both the probes were present) 
5.0 uL of Allele 1 
0.5 uL of Allele 2 

9 5 u.L of buffer (10 mM Tris-HCl, 11 mM EDTA, pH 8.0) 
The above volumes were added to a PCR tubes and the reaction mixtures were cycled on a 
Gene Amp® system 9600 thermal cycler (Perkin Elmer) as follows: 

50°C; 2 MIN (for optimal AmpErase UNG activity) 

96 C; 10 MIN (required to activate AmpliTaq Gold DNA Polymerase) 

40 cycles of: 

95°C; 15 SEC 

60°C; 60 SEC 

70 C; 10 MIN 

4 C; storage 



i 18. 



The results are shown in Figure 21: CE separation of a 1:10 mixture of the 40 cycles 
products of Alleles 1 and 2. Experimental conditions were as given for the experiments of Figure 



F.xamnle 4 Electroseoaration of I abel Coniu pat e s on Mic rofluidic Chip 

1 Label conjugates comprising fluorescein linked to three different peptides, namely, 
KKAA (SEQ ID NO:5), KKKA (SEQ ID NO:6) and KKKK (SEQ ID NO:7) were prepared as 
30 follows: The protected tetrapeptide was prepared on resin using Merrifield reagents. The N- 

terminus of the last amino acid was reacted with fluorescein N-hydroxysuccinimide (Molecular 
Probes). The peptides were cleaved from the resin and purified by high performance liquid 
chromatography (HPLC). 

The label conjugates, prepared as described above, and fluorescein were combined 
35 in an aqueous buffered solution and were separated and detected in an electrophoresis chip. 
Detection was 0.5 cm for the injection point on the anodal side of an electrophoresis 
channel FITC-KKKK exhibited a negative charge and FITC-KKKA and FITC-KKKK 
exhibited a positive charge as determined by the migration time relative to EOF. The net 
charge of FITC-KKKK was greater than +1 and FITC-KKKA and FITC-KKKK migrated 
40 electrophoretically against the EOF. The results are shown in Figure 22. 
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E^leS^lti p Wd Anal ysis of CFTR snp T x*i w.th e-tag P robj* 

"I rimiry gwt™ p w<, s i s of CF T ° »™ ^rt. with e-tag Prohes on ABI 3 0 

^^^^^ 

of cleavage of a probe. The conditions employed were. Gel: 2.5 % LDD30 m Ix TEE w!th 7 
5 M tTcE PE ABI 310; CapUlary: 47 cm long; 36 cm to window; 75 jun ID; Runnmg Buffer: 
lx TBE. (LDD30 is a linear copolymer of N,N-diethyl acrylaimde and N,N- 

dimethyl r" 

parameters used were: injection: 5 sec, 2.0 kV; run: 9.4 kV 45 °C Un^To ~e the 
10 relative mobilities of the ^^s^^^^^d probes-^pa^ed, a spike- n 

Sm^eTF^Tone digested probe was separated and its peak she determmed then a 
SondpTbe was spiked tnto the first probe and the two separated, mn, a thtrd probe was 
spiked in and separated, and so on until the sites of all six probes w* * *«d ™ e 
smgleplex PCR runs were first separated followed by separation of the multiplex PCR, which 
15 was compared to the SI digested separation. 
a r Mllltip i fiV edAr» r »^tionofCFTPFnrments with e-tag Probes 

9 In this study, ^reactions involved a plurality of probes in the same PCR reaction 

£ mixt ure for different SNPs in feg _g eJ ^for^eCys tir, Fibrosis transmembrane conductance 

-C regulator (CFTR). Tag DNA Polymerase exhibits 5' to 3' exonuclease activrtv^smg 

3 20 ^^^aLm^^^P^smM^m template DNA at the 3' end of a PCR 

■P Lucent dye attached to the 5' terminus of the probe were employed. PCR was performed 

U wtmlse probes, followed by separation *-by gel-based capUlary electrophores* to determme 

" cleavage of the e-tag probe. The^Hewing-Table 5 indicates the- mutation name c gm 

5 25 location, the^utat^fe^and the speei^nucleotide diS^ee^ge and ***** 

O ^^T—^ndPCR n^ are mdicatedfor^ ach^n p locus. TwoPCR jn»Le 

" A ^^^^^^^^^^^^^^ 
j^Z ^LuL in the re^eTs^r^ J^^ f f ^ S " B 

30 W.. - one hybrid ^ " ^ dir ^°" ™« °" C " 

in Table 6, 



35 



Table 5. CFTR snn«, Prnhes. and PCR Primers 



Mutatiom 
Name 


Location 


Nniiclleottide 
Change 


PCR 
FiriEinters 


e-ttag 
Probe 


Predicted! PCR 1 
Prodaact Size 


R560T 


Exon 1 1 


G1811C 


CF10P (F/R) 


CFlOs 


108 


R560T 


Exon 1 1 


G1811C 


CF10P (F/R) 


CFlOas 


108 


D1152H 


Exon 18 


G3586C 


CF11P (F/R) 


CFlls 


188 


D1152H 


Exon 18 


G3586C 


CF11P07R) 


CFllas 


188 


G1349D 


Exon 22 


G4178A 


CF13P (F/R) 


CF13as 


138 
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Tahlp 6. Seoiaegace IB Numbers 



Oligonucleotide 


SEO ID NO* 


CF10PF 


SEO ID NO:8 


CF11PF 


SEO ID NO:9 


CF13PF 


SEO ID NO: 10 


CF10P R 


SEO ID NO: 11 


CF11PR 


SEO ID NO: 12 


CF13P R 


SEO ID NO: 13 


CFlOs 


SEO ID NO: 14 


CFlOas 


SEO ID NO: 15 


CFlls 


SEO ID NO: 16 


CFllas 


SEO ID NO: 17 


CF13as 


SEO ID NO: 18 



The procedure employed in carrying out the singleplex PCR reaction was as follows: 

1 . Make up Master Mix 

lx Component . 

8 uL 25 mM MgCl 2 

10 2.5 uL lOx PCR Buffer 

8 uL 10 ng/uL DNA template 

0.2 uL 25 mM dNTPs 

1 uL 5 U/p-L Taq Gold (added just prior to start of reaction) 

2. Combine 0.8 uL of 5 uM probe and 1 uL of 10 uM primers to PCR tubes, as indicated 
15 below. jfi^fijgwe^ 

3. Primer-sets Probe 

CFlOPs CFlOs 
CFlOPas CFlOas 
CFllPs CFlls 

20 CFllPas CFllas 

CF13Pas CF13as 

4. Aliquot 20.2 uL of the Master Mix to each tube. 

5 . In a PE2400 thermalcycler : 
96°C; 10 MIN 

25 40 cycles of: 

95°C; 10 SEC 

55°C; 30 SEC 

65°C; 1 MIN 

70°C; 10 MIN 
30 4°C; storage 
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The results are shown in Figure 23 . Results clearly demonstrated the-formation of a 
unique electrophoretic tag with a distinct mobility for each amplified sequence. Even in the 
multiplexed amplification each detection probe gave rise to a unique e-tag with a distinct 
mobility. 

p., 1tTT l. f\ F Wmse paration o f Nine e-tags on Microfluidic Chip 

Label conjugates comprising 9 different fluorescein derivatives linked to thymine 
(Figure 24 e-tag numbers 1-9): poly deoxythymidine (20-mer; with a 5' thiol group) is reacted 
with different maleimide-functionalized fluoresceins after which the product is 

ethanol precipitated. In a reaction of 12 uL in volume, 10 uL of 25 uM oligo 1 uL 10x SI 
nuclease reaction buffer, 1 uLof SI nuclease incubated at 37 °C for 30 mm followed by 96 C 
for 25 min. The digested fragments are purified by HPLC. 

The nine different e-tags prepared as described above and fluorescein were 
combined in an aqueous buffered and were separated and detected in an electrophoresis 
chip. Detection was 0.5 cm for the injection point on the anodal side of an electrophoresis 
channel. The results are shown in Figure 24. 



"120 



125 



Fvgm pte 7 Effect of Thiophosphate. on 5'-3' Cleavage 

RT-PCR Conditions: - 
10 uL from a total volume of 25 uL of each mRNA was analyzed in a *^ume of 
50 uL containing 0.5 uM of each of the oligonucleotide primers, 0.2 mM of each dNTP, 1 00 
nM of each e-tag labeled oligonucleotide probe, Ix RT PGR buffer, 2.5 mM MgCl 2 .0.1 
Tfl DNA polymerase and 0. IU/uL AMV Reverse Transcriptase (Promega Access, RT-PCR 

SySt6m) Reverse Transcription was performed for 45 minutes at 48 °C followed by PCR. (40 
thermal cycles of 30 s at 94 °C, 1 min at 60 »C and 2 min at 69 °C). mRNA was obtained from 
M Williams, Genentech, Inc. Probe and primer design was performed as described in 
Analytical Biochemistry, 270, 41-49 (1999). Phosphorothioates were attached to the 2, 3, 4 and 
5 phosphate moieties from the 5' end. Separation was performed as described in the previous 

30 section. . , 

Figure 25 A demonstrates the formation of 5 different cleavage products in the PCR 
amplification of ANF frnti -nuclear factor) with an e-tag labeled at the 5' end of the sequence 
detection probe. In the second experiment, phosphate groups at the 2, 3, 4 and 5 positions are 
converted into thiophosphate groups. PCR amplification of ANF using a thiophosphate- 
35 modified sequence detection probe yielded only one cleavage product (Figure 25B) . 

Figure 25CB demonstrates the formation of 3 different cleavage products m the PCR 
amplification of GAPDH with an e-tag attached to the 5' end of the sequence detection probe 
In a second experiment, phosphate groups at positions 2 and 3 are converted into thiophosphate 
groups. PCR amplification of A^GAPDH using the thiophosphate-modified sequence 
40 detection probe yielded one predominant cleavage product (Figure 25D) . 

The results clearly demonstrate for two different genes that thiophosphate linkages 
prevent cleavage at multiple sites of a detect.on probe. A single detectable entity (a single e-tag 
reporter. Figures 25BA and BD) is generated as a consequence of the amplification reaction. 

45 Exam ple 8. SI Nuclease Dip estinn of e-tag reporter Probes 
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In a 1 .5 ml tube, add-10 uL of e-tag reporter probe was added at a concentration of 10 
uM followed bv additionpf 1.5 uL of lOx SI nuclease reaction buffer, add-0.5 uL of SI 
nuclease (Promega, Cat. # M5761, 20-100 unit/uL), and add-3 uL of Tris-EDTA buffer to bnng 
the final volume to 15 uL. fee«bate4The reaction was incubated at 37 °C for 20 min followed 
5 by 25 min at 96 °C to inactivate the nuclease. 

v^ m v \r. Q 5' Nuclease assays for moni t oring specific mRNA expression in cell lysates 

THP-1 cells (American Type Culture Collection, Manassas, VA) were cultured in the 
presence or absence of 10 nM phorbol 12-myristate 13-acetate (Sigma-Aldrich, St. Louis, MO) 
10 in RPMI 1640 medium with 10 % fetal bovine serum (v/v), 2 mM L-glutamine, 10 mM 
HEPES 0 05 mM 2-mercaptoethanol. Twenty-four hours after the induction, cells were 
harvested and washed twice with PBS before lysed with lysis buffer (20 mM Tris pH 7.5, 0.5 % 
Nonidet P-40, 5 mM MgCl 2 , 20 ng/uL tRNA) at 25 °C, for 5 min. The lysate was heated at 75 
°C for 15 min before testinged in a_5' nuclease assay. 
1 5 Ten microliters of a cell lysate was combined with a single stranded upstream invader 

DNA oligo (5'CTC-TCA-GTT-CT), a single stranded downstream biotinylated signal DNA 
r! oligo (e-tag-labeled), and 2 ng/uL 5' nuclease (Cleavase EX) in 20 uL of buffer (10 mM MOPS 
=1 pH 7 5 0 05 % Tween-20 and 0.05 % Nonidet P-40, 12.5 mM MgCl 2 , 100 uM ATP, 2 U/uL 
'« RNase'inhibitor). The reactions were carried out at 60 °C for 4 hours before analysis**! by 
!l20 capillary electrophoresis. To eliminate background signal, due to the non-specific activity of 
" the enzyme, 1 uL of 1 mg/mL avidin was added to the reactions to remove all the e-tag-labeled 
£ uncleaved oligo, or e-tag-labeled non-specifically cleaved oligonucleotides. Figures 26 and 22, 

res pectively, show separations that were conducted both with and without the addition of 
•\* avidin. 
::25 

li Example 10. PCR Amplification with 5' Nuc lease Activity TTsing e-tag Reporters 

•f Tha- Exemolarv e-tag reporters are shown in Figure 17. Elution times for some of these 

I re porters on an ARI 31 00 using POP4 as the separation matrix are provided in Figure 6 . The e- 

tag reporters that were prepared were screened to provide 20 candidates that provided sharp 
30 separations. 3 1 e-tag reporters were generated with synthetic targets using the TaqMan 

(reagents under conditions as shown in the following tabular format. There were 62 reactions 
with the synthetic targets (one reaction and one negative control for e-tag reporter). Each 25 
uL reaction contained 200 nM probe, 500 nM primer, and 5 fM template in 0.5x TaqMan 
master mix. 

35 All the individual reactions were then run on an ABI 3 100 usmg 

POP4 as the separation matrix. The samples were diluted 1 :20 in 0.5x TaqMan buffer and 1 uL 
of avidin (lOmg/mL) was added to bind to any intact probe. The sample was further diluted 1:2 
with formamide before injecting the sample into the ABI 3 100 capillaries. The following are 
the conditions used with the ABI 3 100 for the separation: 
40 Temperature 60 °C 

Pre-run voltage 15 kV 
Pre-run time 180 sec 

Matrix POP4 
Injection voltage 3 kV 
45 Injection time 10 sec 
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Run voltage 15 kV 

Run time 900 sec 

Run module e-tag reporter POP4 

Dye set D 
5 Subsequent separation of multiple e-tag reporters in a single run we*e-was 

accomplished as shown in Figure 8, the structures of which are identified in Figure 17. 

Exam ple 11. e-tag Reporter Protoomio A naleg-A s sav for Protein Analysis 

4-.A. Labeling of aminodextran (MW -500.000^ with e-tag reporter and bio tin 
10 Aminodextran was used as a model for demonstrating e-tag reporter release in relation 

to a high molecular weight molecule, which also serves as a model for proteins. The number of 
amino groups for lOmg aminodextran was calculated as 2xl0 -8 moles. For a ratio of 1:4 biotin 
to e-tag reporter, the number of moles of biotin NHS ester employed was 1 .85X10" 6 , and the 
number of moles of maleimide NHS ester was 7.4xl0" 6 . 10.9 mg of aminodextran was 
15 dissolved in 6 mL of 0.1 %PBSbufFer. 55^-10 mg of Biotin-x-x NHS ester and 23.7 mg of 
EMCS were dissolved together in 1 mL of DMF^This-P MF solution was , and added in 50 *xL 
r* portions at 30 min intervals to the aminodextran solution while it was stirring and keeping away 

from the light. After the final addition of the DMF solution, the mixture was kept overnight 
PJ (while stirring and away from the light). Then, the mixture was dialyzed using amembrane 
r ft0 with a molecular weight cut-off of 10,000 Daltons. The membrane wasjmmersed in a beaker 
I- containing 2 L of water while stirring. The water was changed four times ina_2 h interval. The 
f j* membrane was kept in the water overnight (while stirring and keeping away from the light). 
lz Then the solution was lyophilized and the lyophilized powder was used for e-tag reporter 
s labeling. 

c:j25 

B2. Reaction of biotin and maleimide labeled aminodextran with the e-tag re porter, 
^ SAMSA . 

n SAMSA [5-(((2-(and-3)-S-acetylmercapto)succinoyl)amino)fluorescein]was employed 

|-i as an e-tag reporter to react with maleimide in the aminodextran molecule. For this purpose 0.3 
30 mg (~5.3xl0' 9 moles) of biotin and EMCS labeled with aminodextran were dissolved in 10jJ of 
water and then reacted with 10 times the mol ratio of SAMSA, for the complete conversion of 
the maleimide to the e-tag reporter. Therefore, 1.1 mg of SAMSA (~1.2xl0~ 6 moles) is 
dissolved in 120 jaL of 0. 1 M NaOH and incubated at room temperature for 15 min (for the 
activation of the thiol group). Then the excess of NaOH was neutralized by the addition of 2 jaL 
35 of 6M HC1, and the pH of the solution was adjusted to 7.0 by the addition of 30 \xL of 

phosphate buffer (200 mM, pH 7.0). The activated SAMSA solution was added to the 10 |iL 
solution of the labeled aminodextran and incubated for 1 h. The e-tag reporter labeled 
aminodextran was purified with gel filtration using Sephadex G-25 (Amersham), and purified 
samples were collected. 

40 

C3. The release of e-tag from labeled aminodextran 

2 (aL of streptavidin coated sensitizer beads (100 jag/mL) were added carefully in the 
dark to the 5 \xL of purified labeled aminodextran and incubated in the dark for 15 min. Then 
the solution was irradiated for 1 min at 680 nm. The release of the e-tag reporter was examined 
45 be CE using CE 2 LabCard™ device. As shown in Figure 28A, the CE 2 LabCard 1 consists of 
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two parts- evaporation control and injection/separation. The evaporation control incorporates 
eva poration control channelj. (450 urn wide and 50 urn deep) with two replenishment 
buffer reservoirs 1(2 mm in diameter) and the evaporation-een ^controlled sample well 4 (1 
mm diameter) right-in the eeater-mjddle of the eva poration contro Lchannel. The volume of the 
si^eHs^replenishment huffer reservonW k) are 4.7 uL while the volume of the middle 
sample well is only 1.2 uL, and the volume of the channel 2_beneath the middle sampje_well is 
about 40 nL The second part of the CE 2 device, which is ^usedfoLinjectionmid separation 
part consists of an mjectionjnicjpchannej 5_and a separation MicroChannel 6 intersecting at a 
jn^tinn 7. and having dimensions of 120 urn wide and 50 urn deep Both ends of the 
cation channel »»H on. end or the in j ection c hann el connect with buffer reservoirs 8 while 
the, second end of the injection channel is-connects directly to the evaporation-controlled^ 
sample well A The channels are enclosed by laminating a film (MT40) to the LabCard ._A 
H.t^r Q is nositio^ i n mm from the junction. After filling the CE 2 LabCard device with 
the separation buffer (20 mM HEPES, pH 7.4 and 0.5 % PEO), 300 nL of the assay mixture 
wa*-is_added to the mddie^sampje_well ArmA The sample was inj ected into the microchannel 
junction 7 bv annlvin p voltages t n the, huffer reservoirs as indicated in Fifmre 28B. The sample 
was then separated as is shown in Figure 28C. 

Figure 29 shows the electropherograms of purified labeled aminodextran with and 
without sensitizer beads. As shown, the addition of the sensitizer beads leads to the release of 
the e-tag reporter from the aminodextran using singlet oxygen produced by the sensitizer upon 
irradiation at 680 nm. In order to optimize the irradiation time, different tubes containing the 
same mixture of beads and sensitizer were irradiated for different lengths of time ranging from 
1 to 10 min. There is no significant increase in the e-tag reporter release for irradiation tunes 
longer than 1 min. Figure 30 shows the effect of sensitizer bead concentration on Ae-e-tag 
reporter release. As depicted in Figure 30, tfee-a higher concentration of sensitizer beads leads 
to the -greater release of e-tag reporters from the labeled aminodextran. Figure 31 depicts Ae-a 
linear calibration curve for the release of e-tag reporters as a function of the-sensitizer bead 
concentration. In addition, the effect of the concentration of labeled aminodextran on the-e-tag 
reporter release was also examined, and-with. the results is-shown in Figure 32. As can be seen, 
the-a lower concentration of labeled aminodextran for a given concentration of sensitizer beads 
leads to more efficient e-tag reporter release (or higher ratio of e-tag reporter released to the 
amount of labeled aminodextran). 

It is evident from the above results that the subject inventions provide powerful ways 
of preparing compositions for use in multiplexed determinations and methods for performing 
multiplexed »«™? compositions. The methods provide for homogeneous 

and heterogeneous protocols, both with nucleic acids and proteins, as exemplary of other 
classes of compounds. In the nucleic acid determinations, SNP determinations are greatly 
simplified where the protocol can be performed in only one to four vessels and a large number 
of SNPs readily determined within a short period of time with great efficiency and accuracy. 
For other sequences, genomes can be investigated from both prokaryotes and eukaryotes, 
including for the prokaryotes, drug resistance, species, strain, etc., and for the eukaryotes, 
species, cell type, response to external stimuli, e.g. drugs, physical changes in environment, 
etc., mutations, chiasmas, etc. With proteins, one can determine the response of the host cell, 
organelles or the like to changes in the chemical and physical environments in relation to a 
plurality of pathways, changes in the surface protein population, changes due to aging, 
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neoplasia, activation, or other naturally occurring phenomenon, where the amount of protein 
can be quantitated. 

Particularly as to nucleic acid determinations, the subject e-tag reporters can be 
synthesized conveniently along with the synthesis of the oligonucleotides used as probes, 
5 primers etc., where the e-tag reporter is released in the presence of the homologous target 
sequence. Kits of building blocks or e-tag reporters are provided for use in the different 
determinations. 

It is further evident from the above results that the subject invention provides an 
accurate efficient and sensitive process, as well as compositions for use in the process, to 
10 perform multiplexed reactions. The protocols provide for great flexibility in the manner ,n 
which determinations are carried out and maybe applied to a wide variety of situations 
involving haptens, antigens, nucleic acids, cells, etc., where one may simultaneously 
perform a number of determinations on a single or plurality of samples and interrogate the 
samples for a plurality of events. The events may vary from differences in nucleic acid 
15 sequence to proteomics to enzyme activities. The results of the determination are readily 
'■1 read in a simple manner using electrophoresis or mass spectrometry. Systems are provided 

0 where the entire process, after addition of the sample and reagents, may be performed under 
M the control of a data processor with the results automatically recorded. 
IJ All publications and patent applications cited in this specification are herein 

incorporated by reference as if each individual publication or patent application were 
specifically and individually indicated to be incorporated by reference. 

1 Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity of understanding, it will be readily apparent 

» to those of ordinary skill in the art in light of the teachings of this invention that certain 
§5 changes and modifications may be made thereto without departing from the spirit or scope 
of the appended claims. 
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